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ABSTRACT 


In  this  study,  an  attempt  was  made  to  establish  a 
differential  diagnosis  of  normal  children  and  brain-damaged 
children  of  average  intelligence,  using  the  Trail  Making  Test 
for  Organic  Brain  Damage. 

An  experimental  group  was  selected  which  consisted 
of  thirty  children  who  had  been  diagnosed  as  brain  damaged, 
by  the  Provincial  Guidance  Clinic  in  Edmonton. 

It  was  hypothesized  that  there  would  be  a  significant 
difference  between  the  performances  of  the  experimental 
group  and  the  performance  of  a  control  group  of  normal 
children,  matched  for  age,  sex  and  intelligence  with  the 
experimental  group.  The  hypothesized  differences  were  : 

1  „  That  the  experimental  group  would  require 
significantly  more  time  to  complete  Parts  A 
and  B  of  the  Trail  Making  Test. 

2.  That  Part  B  will  be  superior  to  Part  A  in 
this  respect. 

3.  That  longer  times  will  be  taken  to  complete 
the  second  half  of  Parts  A  and  B,  in  differ¬ 
entiating  between  experimental  and  control 
groups  more  significantly. 

4.  That  the  experimental  group  will  make  more 
errors  on  the  Trail  Making  Test  than  the 
control  group. 

The  first  hypothesis  was  supported  in  part,  with 
Part  B  differentiating  significantly  between  the  experimental 
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and  control  groups,  and  Part  A  showing  strong  trends  in 
the  desired  direction.  Part  B  was  found  to  be  superior 
to  Part  A  in  differentiating  between  the  two  groups  at  a 
high  level  of  significance. 

The  second  hypothesis  that  Part  B  would  be  sup¬ 
erior  to  Part  A.  in  differentiating  between  the  groups  was 
supported  with  a  high  level  of  statistical  significance. 

The  third  hypothesis  was  contraindicated.  The 
first  half  of  Parts  A  and  B  differentiated  significantly 
between  the  groups,  whereas  the  second  half  of  each  part 
did  not.  Fur thermor e ,  the  percentage  of  correct  class¬ 
ifications  obtained  on  the  second  half  of  Part  A  was  not 
above  chance. 

The  fourth  hypothesis  was  supported  in  part.  The 
experimental  group  made  significantly  more  errors  than 
the  control  group,  on  Part  B  of  the  Trail  Making  Test.  The 
number  of  errors  made  on  Part  A  did  not  differentiate  signif¬ 
icantly  between  the  groups. 

It  was  concluded  that  Part  B  of  the  Trail  Making  Test 
differentiated  significantly  between  normal  children  and 
brain-damaged  children  in  terms  of  the  number  of  errors 
made  and  the  time  required  to  complete  it. 

Theoretical  explanations  were  given  for  the  per¬ 
formance  of  the  experimental  group  on  the  Trail  Making 

Test,  and  suggestions  were  made  for  its  improvement. 

-  iii  - 
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CHAPTER  I 

INTRODUCTION 

It  has  only  been  within  the  last  twenty-five  or  thirty 
or  so  years  that  a  concerted  effort  has  been  made  to  develop 
psychological  tests  to  indicate  the  effects  of  brain  damage. 
Much  of  the  research  in  this  area  has  been  involved  in  dis¬ 
covering  the  psychological  impairment  in  adults  who  have 
become  brain  damaged.  A  proportionately  lesser  amount 
of  research  has  been  directed  toward  the  brain-damaged 
child  and,  as  a  result,  there  have  been  some  unwarranted 
extrapolations  made  from  the  psychopathology  of  brain- 

37 

damaged  adults  to  that  of  brain-damaged  children.  Strauss 
has  pointed  out  that  while  the  adult  has  lost  or  had  impaired, 
the  abilities  and  skills  that  he  once  possessed,  the  brain¬ 
damaged  child  has  been  thwarted  on  his  way  to  achieving 
these  abilities.  Bender^  has  stressed  that  children  and 
adults  have  been  shown  to  react  in  different  ways  to  similar 
brain  lesions . 

Most  of  those  studies  which  have  dealt  with  the  psy¬ 
chopathology  of  the  brain-damaged  child  have  dealt  with  com¬ 
parisons  between  exogenous  and  endogenous  mentally  deficient 

40  24 

children.  x  Little  attention  has  been  paid  to  Lewis's  so- 

called  "other  child",  the  brain-damaged  child  of  average 
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intelligence  who  shows  few  overt  symptoms  of  his  injury, 
yet  becomes  emotionally  disturbed  when  placed  under  pres¬ 
sure  by  those,  who,  ignorant  of  his  difficulties,  expect 
him  to  perform  and  behave  at  the  level  of  the  normal  child. 

In  writing  about  the  "other  child",  Lewis  has  noted  that 
because  of  the  subtlety  of  this  child’s  deviations  from  the 
normal,  his  cause  has  been  largely  neglected.  Medicine 
and  related  disciplines  have  long  recognized  the  problems 
of  education  and  adjustment  of  the  brain-damaged  child  who 
is  mentally  defective  or  crippled.  However,  the  child  in 
whom  the  results  of  brain  damage  appear  in  intellectual  and 
behavioral  peculiarities  has  received  less  understanding, 
has  often  been  mistakenly  diagnosed  in  terms  of  emotional 
maladjustment  or  lack  of  academic  ability. 

In  order  that  the  "other  child"  be  recognized,  so 
that  suitable  adjustmental  and  educational  environments  can 
be  provided  for  him,  enabling  him  to  realize  his  full  potential, 
techniques  used  in  the  diagnosis  of  brain  damage  must  be 
more  sensitive. 

Statement  of  the  Problem 

It  is  the  purpose  of  this  study  to  examine  some  of  the 

thinking  and  behavioral  difficulties  which  have  been  advanced 
37 

by  Strauss,  et  al  as  being  characteristic  of  the  brain-dam- 
aged  child  of  average  intelligence.  In  the  present  study,  it 
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was  felt  that  the  tool  most  adequate  for  use  in  the  attempt 
is  the  Trail  Making  Test  for  organic  brain  damage,  which 
will  be  employed.  Elaboration  of  this  statement,  and  the 
hypotheses  which  follow  it,  will  be  presented  following  a 
survey  of  the  literature. 

Definition  of  Terms 

Brain-damaged  Child.  For  the  purposes  of  this 
study,  the  brain-damaged  child  is  defined  as  a  child  who, 
before,  during  or  after  birth,  has  received  an  injury  to,  or 
has  suffered  an  infection  of,  the  brain. 

Perception.  For  the  purposes  of  this  study,  per¬ 
ception  is  defined  in  accordance  with  the  theory  advanced 
37 

by  Strauss,  et  al  as: 

"that  activity  of  mind  intermediate  between  sensation 
and  thought  which  gives  a  particular  meaning  and  sig¬ 
nificance  to  a  sensation,  and  therefore  acts  as  a  pre¬ 
liminary  to  thinking.  The  means  whereby  an  individ¬ 
ual  organizes  the  stimuli  which  are  continually  imp¬ 
inging  upon  him." 

Concept  Formation.  This  term  has  been  interpreted 
to  be  defined  as:  The  classification  of  several  precepts  accord¬ 
ing  to  a  common  factor  which  then  is  a  general  label  which 
defines  that  class  of  percepts.  It  is,  then,  the  process  of 
abstraction. 
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CHAPTER  II 


SURVEY  OF  THE  LITERATURE 

This  chapter  will  be  a  survey  of  the  literature  per¬ 
tinent  to  the  symptomatology  of  the  brain-damaged  child, 
and  the  methods  which  are  presently  being  used  in  diagnos¬ 
ing  its  presence.  An  attempt  will  be  made  to  indicate  the 
shortcomings  inherent  in  these  diagnostic  methods. 

BEHAVIOR  DISORDERS  IN  THE  BRAIN-DAMAGED  CHILD 

A  survey  of  the  literature  pertaining  to  disorders  in 
behavior  associated  with  brain  damage  in  children,  reveals 
consistent  agreement  among  the  authors  regarding  the  gen¬ 
eral  behavioral  traits  which  are  concomitant  with  cerebral 
insult.  The  adjectives  applied  to  such  behavior  vary  with  the 
author's  description,  but  there  is  a  pervasive  underlying  sim¬ 
ilarity  in  these  descriptions. 

Generally  speaking,  the  brain-damaged  child,  compared 
with  other  children  of  similar  age  and  level  of  development, 
appears  to  be  erratic  and  emotionally  over-active.  Such  terms 
as  "overactivity"  ,  "hypermotility"  and  "driveness"  have  been 
applied  to  this  type  of  behavior.  He  has  poor  powers  of  con¬ 
centration.  This  has  been  pointed  up  in  the  use  of  terms  such 
as  "distractibility"  ,  "restlessness",  and  " short  attention  span". 
He  is  given  to  sudden  rages  (irritability,  emotional  lability), 
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stubborness  (perseveration),  and  is  conspicuously 

,  .  3,  4,  6,  8,  11,  32 

impulsive  m  manner.  ’ 

In  addition,  some  authors  emphasize  the  asocial 

nature  of  the  brain-damaged  child  due  to  his  lack  of  inhibition. 

His  history  is  said  to  be  one  of  constant  complaint  regarding 

his  behavior.  This  Kanner  refers  to  as  the  "complaint  effect". 

Strauss  has  written  of  his  "social  unacceptability",  while 

others  have  associated  him  with  such  acts  as  truancy  and 

4 

delinquency. 

The  rationale  underlying  the  causation  of  such  behavior 
is  still  in  the  theoretic  stage.  It  has  been  approached  from 
several  standpoints.  From  knowledge  provided  by  the  electro- 
encephlagram,  Jasper  believes  that  behavior  disorders  may  be 
a  function  of  underlying  electrical  activity.  Encephalogr aphic 
patterns  are  known  to  change  from  moment  to  moment,  partic¬ 
ularly  in  children  suffering  from  convulsive  disorders.  It  is 
suggested  here  that  the  variability  of  behavior  may  actually 
reflect  variation  in  the  synchrony  of  central  nervous  system 
elements .  ^ 

Primary  organic  and  secondary  functional  reactive 
postulates  have  been  advanced  also,  to  explain  the  behavior 
of  the  brain-damaged  child.  Strauss  believes  it  can  be 
explained  physiologically  in  terms  of  damage  to  the 
cerebral  cortex  : 
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All  of  our  emotions,  gestures  and  expressive  move¬ 
ments  are  regulated  to  a  great  exteiit  by  the  diencep- 
halon  (old  brain) .  In  the  course  of  human  development, 
the  cortex  develops  a  softening  and  inhibiting  power 
which  controls  excessive  emotional  reactions  and 
hyperactivity.  If  this  cortical  modulation  is  disrupted 
by  damage  to  the  cortex,  the  diencephalon  acts  un¬ 
checked,  resulting  in  emotional  and  psychomotor  dis- 
inhibition.  This  is  seen  in  the  decreased  emotional 
tolerance  apparent  in  interpersonal  relationships. 

However,  Bender  emphasizes  the  possibility  of  sub¬ 
sequent  difficulties  in  adjusting  to  the  environment  as  a  basis 

for  the  behavior  of  the  brain-damaged  child: 

The  brain-damaged  child  is  particularly  prone  to 
personality,  behavior  and  emotional  disorders  because 
of  obvious  difficulties  in  social  adjustment,  and  in  sat¬ 
isfying  their  needs  ,  and  because  of  inferiority  feelings. 
Thus,  their  life  situation  is  often  severe  enough  to 
account  for  behavior  disorder  on  a  reactive  basis  alone. 

Presumably,  then,  the  brain-damaged  child,  if  provided  with  a 
secure  and  understanding  environment,  may  not  display  the  type 
of  behavior  which  is  consistent  with  the  diagnostic  impression 
of  brain  damage.  A  further  complicating  factor  experienced  in 
attempting  to  make  a  differential  diagnosis  is  the  fact  that  many 
of  the  forms  of  behavior  listed  above  can  be  the  sole  result  of 
functional  difficulties,  apart  from  any  consideration  of  being 
sequalae  to  brain  damage.  Lastly,  aspects  of  child  development 
add  to  the  difficulty  which  becomes  apparent  when  the  attempt 
is  made  to  associate  a  particular  form  of  behavior  syndrome 
with  brain  damage,  for  with  the  rapid  development  pace  of 
childhood,  it  is  often  difficult  to  establish  what  constitutes 
deviant  behavior.  As  Strauss  points  out  : 
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Childhood  is  the  period  in  which  the  greatest  changes 
in  mental  development  occur  in  the  shortest  time. 
Particular  behavior  manifestations  can  be  normal  or 
pathological,  depending  on  their  chronological  and 
development  stages.  For  example,  playful  activity 
in  an  eight  or  nine  year  old  is  considered  appropriate, 
while  it  is  taken  as  a  sign  of  immaturity  in  a  twelve 
year  old.  36 

Thus  it  appears  that  there  exists  no  conclusive  theory 
which  links  the  behavior  pathology  of  the  brain-damaged  child 
to  the  brain  damage  per  se,  Furthermore,  the  behavior  attrib¬ 
uted  to  brain  damage  is  not  unique  to  that  diagnostic  category 
but  must  be  explained  from  other  frames  of  reference.  It  must 
therefore  be  concluded  that  brain  damage  can  not  be  diagnosed 
on  the  basis  of  behavior  disorder  alone. 

THINKING  DISORDERS  IN  THE  BRAIN-DAMAGED  CHILD 


Further  light  has  been  shed  on  the  problem  through  the 
attempt  to  understand  the  thinking  disorders  characteristic  of 
brain-damaged  children.  Because  of  the  paucity  of  literature 
in  this  area,  we  are  heavily  dependent  upon  the  writings  of 
Strauss,  et  al  for  an  explanation  of  the  psychopathology  of 
thinking  in  brain-damaged  children.  Using  the  Gestalt  theory 
of  perception  as  a  basis/1'  Strauss  relates  much  of  the  brain¬ 
damaged  child's  difficulty  to  disturbances  in  perception  and 
concept  formation. 


Gestalt  psychology  has  advanced  several  ingenious 
experiments  to  show  that  perception  is  the  process  of 
organizing  the  reception  of  external  stimuli  by  the 
integration  of  parts  into  a  whole  which  is  more  than 
the  mere  summation  of  the  parts.  The  power  of  this 
organization  is  claimed  to  be  dependent  upon  the 
integrity  of  the  nervous  system. 
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Strauss  indicates  that  while  the  brain-damaged  child's 
sensory  equipment  is  intact,  difficulty  is  experienced  in  organ¬ 
izing  discrete  sensations  into  percepts,  by  combining  them  into 
wholes  or  "gestaltenM0 

The  process  of  perception  in  the  normal  child  is  such 
that  the  "whole"  is  recognized  at  once  without  the  scrutiny  of 
details.  The  stimuli  impinging  upon  his  sensory  receptors 
are  organized  and  integrated  simultaneously .  On  the  other 
hand,  the  brain-damaged  child  has  marked  difficulty  in  organ¬ 
izing  his  sensory  impressions  into  wholes.  He  responds  to 
stimuli  successively  rather  than  simultaneously.  Thus  he 
does  not  see  the  stimulus  configuration,  but  his  attention  is 
held  by  separate  details  which  are  foreground,  the  rest  back¬ 
ground.  In  attending  successively  to  details,  he  has  difficulty 
in  holding  figure  and  ground  relationships  separate,  and  this 
difficulty  increases  as  the  ground  becomes  more  patterned. 

Strauss  further  points  out  that  perceptual  difficulties 
are  experienced  on  higher  levels  of  cerebration,  where  con¬ 
cept  formation  is  involved.  In  concept  formation,  perceptual 
organization  is  elaborated  by  the  addition,  also  in  an  organized 
manner,  of  elements  we  retain  from  similar  experiences  in 
the  past. 

These  experiences  must  be  well  organized  and  integrated. 

The  conceptual  items  can  be  abstracted  only  insofar  as  the 

experiences  from  which  they  are  drawn  are  sufficiently 
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well  integrated  to  permit  these  elements  to  be 
isolated,  combined  and  re-combined,  while  the 
essential  integrity  and  totality  from  which  they 
are  drawn,  is  preserved.  ^ 

The  brain-damaged  child  has  trouble  in  developing 
concepts  because  his  experiences  are  not  integrated  and  he 
can  not  manipulate  them  freely.  Because  his  conceptual 
organization  is  not  firmly  held  together,  he  must  not  tamper 
with  it  or  it  will  fall  apart.  But  the  development  of  concepts 
requires  such  tampering.  So  the  original  set  remains  dominant 
and  can  not  be  shifted.  Thus  the  brain-damaged  child  becomes 
rigid  in  the  scheme  he  builds. 


The  brain-damaged  child  also  encounters  difficulties 
in  his  language  development,  according  to  Strauss.  As  the 
child  differentiates  among  his  concepts,  words  become  sym¬ 
bolic  of  the  differentiations.  Through  the  use  of  language ,  con¬ 
cepts  are  isolated  and  abstracted  from  all  other  concepts. 

The  environment  is  constantly  changing,  causing  changes 
in  meaning,  and  subtleties  in  interpretations  of  circumstances. 
This  requires  that  the  child  hold  in  mind  a  large  number  of 
concepts  with  sufficient  flexibility  to  permit  him  to  combine 
and  re-combine  as  the  situation  demands.  However,  the  brain¬ 
damaged  child  has  difficulty  in  combining  elements  into  concepts 
in  the  first  place,  and  once  he  has  done  this,  he  clings  to  what 
he  has.  Therefore,  although  his  vocabulary  may  be  average, 

he  has  difficulty  in  making  and  holding  the  common  serial  organ¬ 
izations  of  words  and  thoughts  which  are  relevant  to  the  demands 
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which  particular  circumstances  make  upon  him. 

Certain  of  the  previously  mentioned  behavior  disorders 
common  to  a  brain-damaged  child  have  been  explained  by  Strauss 
in  terms  of  his  faulty  perception  and  concept  formation. 

Distr actibility  is  accounted  for  by  his  difficulty  in 
structuring  his  perceptual  and  conceptual  fields.  Attending 
to  the  discrete  elements  in  a  stimulus  situation  rather  than  the 
situation  as  a  whole,  his  attention  tends  to  wander  from  detail 
to  detail,  successively,  thus  giving  the  appearance  of  having 
a  very  short  attention  span. 

Once  the  brain-damaged  child  has  succeeded  in  struct¬ 
uring  his  field,  he  clings  to  this  accomplishment,  and  is  unable 
to  re-structure  it  in  accordance  with  producing  a  satisfactory 
response  to  a  changing  situation,  in  a  short  period  of  time.  Thus 
he  responds  to  a  new  situation  with  a  structure  which  has  been 
successful  in  a  previous  stimulus  situation.  This  accounts  for 
his  per s ever ative  behavior. 

Disinhibition  is  explained,  also  in  his  structuring  diffic¬ 
ulties.  Because  of  his  inability  to  integrate  a  stimulus  situation, 
he  is  unable  to  grasp  all  the  possibilities  inherent  in  the  situation 
and  to  select  the  most  appropriate  response.  Responding  only  to 
certain  details  in  the  situation  and  failing  to  see  certain  consequ¬ 
ences  upon  which  the  other  details  depend,  his  behavior  is  often 
seen  as  disinhibited. 

According  to  Strauss,  impulsivity  is  another  concomitant 
of  his  unique  way  of  responding.  The  normal  child  confronts  a 
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situation  with  iv  co-ordinated  pattern  of  perceptions  and  an 
elaborate  structure  of  concepts,  so  that  he  does  not  respond 
to  a  single  stimulus,  but  to  a  number  of  stimuli.  Consequently, 
the  stimulus  pattern  necessary  to  release  autonomic  activity 
is  embedded  in  a  wider  totality  for  the  normal  child  than  for 
the  brain-damaged  child  whose  perceptual  organization  is 
lacking.  The  simpler  organization  of  the  brain-damaged  child's 
perception  results  in  the  tendency  toward  a  more  specific  res¬ 
ponse,  and  a  releasing  pattern  is  more  likely  to  stand  out  and 
gain  strength  through  not  being  integrated  with  a  larger  pattern 
of  stimulation,  and  so  lead  to  impulsive  and  explosive  behavior. 
METHODS  EMPLOYED  IN  THE  DIAGNOSIS  OF  BRAIN  DAMAGE 

A  diagnosis  of  brain  damage  in  the  clinical  setting  is 
usually  the  result  of  a  holistic  approach  wherein  the  psychiatrist  , 
psychologist,  and  social  worker  present  their  findings  which  are 
the  basis  upon  which  the  psychiatrist  makes  the  diagnosis. 

A.  The  Psychiatric  Examination 

The  psychiatric  examination  for  brain  damage  is  primarily 
impressionistic  and  secondarily  mensurate.  It  involves  the 
intuitive  appraisal  of  the  child's  behavior  in  relation  to  that  be¬ 
havior  which  is  characteristic  of  the  brain-damaged  child.  The 
impression  gained  from  this  observation  is  tested  further  in  a 
neurological  examination. 

The  above  discussion  of  the  behavior  of  the  brain-damaged 
child  suggests  that  certain  behavioral  disorders  are,  in  themselves, 
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inadequate  bases  upon  which  to  advance  a  definite 
diagnosis  for  brain  damage. 

The  examination  conducted  by  the  psychiatrist  is 
usually  little  more  than  a  cursory  neurological  one  and  in¬ 
cludes  the  testing  of  the  reflexes  and  observations  of  the  gait, 
muscle  tones  and  movement  of  the  child.  Depending  upon  at 
what  point  in  the  growth  cycle  the  injury  occurred,  one  might 
expect  to  find  any  number  of  neurological  signs  at  the  time  the 
child  is  examined,  or  none  of  the  customary  neurological  signs. 

o  L 

Strauss00  emphasizes  that  these  objective  tests  for  motor  con¬ 
trol  are  among  the  crudest  in  neurology.  He  further  stresses 
that  developmental  neurology  has  not  been  firmly  established, 
and  that  the  use  of  adult  norms  may  be  inadequate  in  children 
of  pre-school  age,  although  subsequent  to  this  age,  neurological 
functions  become  more  and  more  similar. 

However,  if  the  psychiatric  examination  points  to  the 
possibility  of  brain  damage,  a  complete  neurological  examin¬ 
ation  and  an  electro- encephalogram  can  be  recommended  and 
additional  signs  of  brain  damage  sought  from  evidence  provided 

by  the  social  history  and  the  results  of  psychological  tests. 

B.  The  Electro-encephalogram 

The  electro-encephalogram  is  usually  indicative  of 
brain  damage  in  children.  As  a  diagnostic  instrument  its  use 
is  limited,  however,  to  corroborating  positive  indications  of 
brain  damage  which  have  been  indicated  by  other  methods. 
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This  is  because  it  quite  often  reveals  similar  pathological 
findings  in  children  with  behavior  disorders  who,  on  the  basis 
of  history  and  examination,  do  not  belong  in  the  group  of  brain¬ 
damaged  children.  Strauss  has  even  found  it  to  show  deviations 

in  otherwise  perfectly  normal  children.'  J 
C.  The  Social  History 

The  pre-natal  and  post-natal  history  of  the  brain-damaged 
child  often  reveals  many  details  which  can  be  interpreted  as 

potential  signs  of  brain  damage. 

Pre-natal  brain  damage  results  from  interference  with 

the  process  during  the  intra-uter ine  period.  It  is  usually  mani¬ 
fested  in  a  generalized  developmental  malformation,  and  not  a 
specific  tissue  defect.  A  history  of  the  mother's  suffering  from 
German  Measles  during  the  first  six  to  twelve  weeks  would 
indicate  the  potentiality  of  pre-natal  brain  damage.  Other  signs 
pointing  to  pre-natal  brain  damage  as  a  result  of  developmental 
disturbances,  include  premature  birth,  prolonged  pregnancy, 

and  necessity  for  a  caesarian  birth. 

The  possibility  of  brain  damage  at  the  time  of  birth  is 

indicated  by  such  signs  as  dry  birth,  the  use  of  forceps,  or 
precipitate  delivery. 

The  occurrence  shortly  after  birth  of  infectious  diseases 
(particularly  whooping  cough,  measles,  scarlet  fever  ,  pneumonia , 
encephalitis,  and  meningitis)  point  to  a  strong  possibility  of  re¬ 
sulting  brain  damage.  A  history  of  trauma  to  the  head,  resulting 
in  concussion  and  skull  fracture,  occurring  any  time  in  an 
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individual's  life,  strongly  suggests  resultant  brain  damage. 

If  the  occurrence  of  any  of  the  above  phenomena  is 
noted  in  the  social  history  of  an  individual,  then  strong  evid¬ 
ence  is  at  hand  to  support  any  evidence  contained  in  the  psy¬ 
chiatric  and  psychological  examinations  of  that  individual. 
However,  it  is  often  difficult  to  get  such  information  from 
the  parents.  Minor  diseases  or  accidents  are  forgotten  or 

q  37 

considered  insignificant  by  the  parents.  79 
D.  The  Psychological  Examination 

The  psychological  examination  includes  the  application 
and  interpretation  of  many  psychological  tests,  some  of  which 
are  designed  especially  to  detect  brain  damage,  and  others  which 

reveal  qualitative  indications  of  brain  damage,  incidentally. 

A  survey  of  the  literature  reveals  several  approaches 
which  have  been  taken  toward  the  testing  for  organic  brain  path- 

ology  in  children  and  adults.  Generally,  these  approaches  fall 
into  the  following  categories  : 

(a)  The  analysis  of  scatter  and  qualitative  impressions 
derived  from  individual  intelligence  tests. 

(b)  The  measure  of  simple  perceptual  functions. 

(c)  Tests  of  memory  for,  and  reproduction  of ,  designs. 

(d)  Tests  for  the  ability  to  abstract. 

(e)  Per  sonality  tests  . 

(a)  Intelligence  Tests: 

Predominant  among  tests  for  intelligence  used 
for  testing  organic  brain  pathology  are  the  Wechsler  Scales 

IQ  OO 

and  the  Stanford-Binet  test.  Rabin,  et  al  3  have  concluded 
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after  reviews  of  the  W.  B.  literature,  that  research  to  this 
time  has  not  established  the  W.  B.  as  a  valid  measure  of 
organic  defect.  A  recent  review  of  the  research  done  on  the 
Wechsler  Intelligence  Scale  for  Children  (W.I.S.C.)  and  the 
Wechsler  Adult  Intelligence  Scale,  has  shown  that  there  is 
general  agreement  that  performance  I.Q.'s  are  generally 
lower  than  verbal  I.Q.'s  in  brain-damaged  individuals.  How¬ 
ever,  the  new  scales  appear  to  have  shown  little  improvement 
over  the  W.  B.  scale,  as,  "at  this  time  the  findings  relating  to 

specific  indicators  are  inconsistent  and,  hence,  inconclusive".  ^ 
Similar  findings  have  resulted  from  research  on  the  Binet, 

7  19 

using  both  adults  and  children  as  subjects.  ’  7 

(b)  The  measurement  of  simple  perceptual  functions: 

Some  success  in  detecting  organic  brain  defect  has 

been  obtained  in  the  measurement  of  simple  perceptual  functions. 

The  critical  flicker  frequency  in  individuals  with  brain  damage, 

particularly  in  the  occipital  and  occipital-parietal  areas  has 

been  found  to  be  lower  than  that  of  normals,  but  there  has  been 

5  IS  38 

considerable  overlap  in  scores  between  the  two  groups.  ’  5 

There  is  conflicting  evidence  as  to  the  effectiveness  of  the  C.F.F. 

in  determining  lesions  to  other  areas  of  the  cortex. 

(c)  Tests  of  memory  for,  and  reproduction  of  designs: 
Prominent  tests  for  organic  brain  pathology  using 

the  technique  of  form  reproduction  only,  include  the  Bender  Gestalt, 
the  House- Tree-Person,  and  the  Goodenough  Draw-A-Man  Test. 


15 


.  ...  .  . 

■  -  .  -  .  9.J  . I . 

: 

•1 

•  •  •  '  -  -  ■  ©•£ 

'  ^  -V  •  . ;  .  .  ...  .  ,v  ,  ' 

1  ■  ■-  ... 

irxaxnsvotrqxni  i  .....  .  s  .  . 

'  .  i  ■  , 

;  •  t  '  ■  -  .  :  ■ .  ..... 

.  £TK  -  I  -  -  .  /..  .  j 

-  ■  -  ‘  ‘  -  ‘  .:l  X£  ’  ' 

j  •  •  •  '  •  n.r/  L-.k  3  i,f  e-  " 

■  -  -■  :  ..  ; 

«  .:.... . i  .  ... 

IsJsi  g-l  : .' .  .  dj  .  -  .  .  ... 

.  <  .  "  ii  i C‘  ...  ,o  x  L  . J  ;  .  -7.r  ■:  ....  ■  5 

'  •  •  .  .  ..... 

C  i .  j  ' 

'  -  t  .  :.  5  I  Jfli  .. 

.  .  '  (:■) 

. 

, 


A  study  vising  Buck’s  system  of  scoring  categories 
on  the  II*  T.  P.  ,  revealed  a  significant  level  of  different- 
iation  for  only  one  of  six  categories,  that  of  line  quality. 

Similarly,  research  on  the  Bender  Gestalt  test,  using  Pascal 
and  Suttel's  objective  scoring  system,  revealed  a  great  over¬ 
lap  in  the  scores  of  those  with  mental  disorders  and  those  with 
organic  brain  defect.  The  Goodenough  test  is  said  to  be  a  good 
indicator  of  organic  brain  injury,  but  no  objective  evidence  can 
be  found  to  support  this  contention.  Whether  the  drawing  of  a 
man  is  impaired  or  not  seems  to  depend  upon  the  localization 
of  the  brain  pathology.  ° 

A  test  of  form  reproduction  from  memory  was  designed 

by  Graham  and  Kendall  and  validated  by  the  authors,  ^  upon  an 

adult  population  and  standardized  for  adults  and  children,  and 

ZZ 

shown  to  have  good  reliability.  However,  the  authors  empha¬ 
size  that  normal  visual-motor  ability  as  measured  by  their  test 
does  not  imply  the  absence  of  brain  damage,  and  that  additional 
factors  such  as  tremor,  perseveration  and  type  of  damage  must 
be  relied  upon  to  aid  in  clinical  differentiation  in  some  border¬ 
line  cases . ^ 

The  well  known  figure-ground  reproduction  tests  include 
the  Kohs  Blocks  (which  is  also  an  intelligence  test)  and  the  Gras  si 
Block  Substitution  test.  The  diagnostic  validity  of  the  Kohs  Blocks 
is  said  to  rest  largely  on  uncontrolled  clinical  observation.  Its 
effectiveness  in  differentiating  cases  of  cerebral  disease  from 
emotionally  disordered  childran  has  been  questioned.  J 
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The  Grassi  Block  Substitution  test  Lot*  Organic  Pathology 

is  a  relatively  new  test  which  is  based  on  somewhat  the  same 
principles  as  the  Kohs  Blocks.  It  has  been  standardized,  and 
reliability  is  high.  There  was  little  overlap  in  scores  between 
normal,  schizophrenic,  and  brain  injured  groups.  However, 
the  author  does  not  place  too  much  confidence  in  his  statistics, 
stating  that  scores  on  the  test,  taken  alone,  will  lead  to  incor¬ 
rect  conclusions.  He  also  stated  that  intelligence  could  influ- 

39 

ence  performance,  but  this  was  not  elaborated  upon. 

(d)  Tests  for  the  ability  to  abstract: 

One  of  the  most  widely  known  of  tests  of  the  ability 
to  abstract,  which  are  helpful  in  determining  organic  brain  path¬ 
ology  is  the  Goldstein-Sheer er  Test  of  Concept  Formation.  ^ 
This  test  is  widely  used  as  a  reputable  test  for  brain  damage, 

but  it  has  not  been  shown  to  be  valid  and  provides  no  quantitative 
data  on  subjects  used,  or  percentage  of  incorrect  diagnoses. 

The  effects  of  age  and  intelligence  also  are  ignored.  The  test 

is  also  used  as  a  test  for  schizophrenia.  ^ 

Halstead^-®  has  combined  aspects  contained  in  most  of 

the  above  approaches,  plus  tests  of  auditory  and  tactual  mod¬ 
alities,  into  Halstead's  Neuropsychological  Test  Battery.  The 
impairment  index  which  he  derived  from  this  battery  discrim¬ 
inates  at  a  high  level  of  confidence  between  normals  and 
patients  with  lesions  of  the  frontal  lobes.  It  does  not, however, 
discriminate  between  normals  and  patients  with  lesions  in 
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other  cortical  areas. 
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(e)  Personality  Tests  : 

Piotrowski  selected  ten  signs  as  indicating 
differentiation  between  groups  of  neurotics  and  normals, 
and  a  group  of  brain-damaged  individuals,  on  the  Rorschach . 
These  signs,  however,  have  been  carefully  checked,  and  a 

great  deal  of  overlap  was  found  in  the  scores  of  the  groups 

•2  1 

checked. 

The  Mosaic  Test  has  been  shown  to  reveal  signs  of 

brain  damage  in  children.  It  has  proved  especially  helpful 

in  ruling  out  brain  damage  as  a  cause  of  autistic  and  compul- 

2  6 

sive  behavior  when  used  with  the  Binet  and  Rorschach. 

Molish  has  pointed  to  a  recent  shift  from  the  concern 

over  psychometric  evaluation  of  the  organic  processes  to  the 
assessment  of  the  personality  structure  of  the  individual  who 
is  reactive  to  the  effects  of  brain  impairment,  using  projective 
techniques.  However,  his  review  of  the  literature  concerning 
this  area  indicates  that  there  is  no  characteristic  personality 
reaction  to  brain  damage,  but  that  the  brain-damaged  person 

reacts  according  to  his  individual  personality  structure.  ° 

In  conclusion,  the  above  survey  would  appear  to 

point  to  Yates’ ^  statement  that  "It  is  doubtful  whether  any 
aspect  of  psychological  testing  has  been  more  inadequately 
treated  than  the  diagnostic  assessment  of  brain  damage." 
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Tests  ot  intelligence  are  useful  only  to  those  who 


are  able  to  make  qualitative  judgments  based  upon  exten¬ 
sive  experience.  Figure-ground  reproduction,  personality 
and  memory  for  designs  tests  would  appear  to  be  unreliable, 
as  they  contain  qualitative  norms,  dependent  upon  scorer 
agreement.  Laboratory  measures  of  perception  are  restricted 
to  the  location  of  the  lesion,  and  it  is  unlikely  that  they  could 
be  administered  routinely  to  all  clinical  patients. 

In  general,  most  of  the  representative  tests  for  brain 
damage  reveal  too  much  overlap  of  scores  obtained  from  differ¬ 
ent  diagnostic  groups  for  them  to  be  efficient  tools  for  differ¬ 
ential  diagnosis. 

It  would  appear  that  the  following  criteria,  lacking  in 
present  tests  for  brain  damage,  are  necessary  requisites  in 
any  tests  for  brain  damage  which  will  be  designed  in  the 
future  : 

1.  It  must  achieve  a  low  level  of  mis-classific- 
ation  of  individuals  who  belong  to  other 
diagnostic  categories. 

2.  It  must  be  easily  administered  so  that  the 
effects  of  examiner  bias  will  not  be  an 
uncontrolled  parameter. 

3.  Its  scoring  method  must  be  objective. 

4.  Qualitative  appraisal  must  be  only  incidental 
in  forming  any  diagnostic  conclusions. 
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CHAPTER  III 


THE  PRESENT  STUDY 

This  chapter  will  deal  with  the  reasons  for  selection 
of  the  Trail  Making  Test  as  a  tool  for  measuring  brain  dam¬ 
age  in  children  of  average  intelligence.  Hypotheses  regarding 
the  thinking  disorders  tapped  by  this  test,  and  the  procedure 
by  which  they  will  be  investigated  will  be  discussed.  A  des¬ 
cription  of  the  characteristics  of  the  experimental  group,  and 
the  criteria  used  in  its  selection,  will  be  given.  The  control 
group  used  for  comparison  with  the  experimental  group  will 
be  described,  and  reasons  for  selecting  them  examined.  The 
statistical  procedure  to  be  employed  to  the  data  will  be  pre¬ 
sented. 

Selection  of  the  Tool 

The  Trail  Making  Test  may  possibly  satisfy  the  four 
criteria  which  were  advanced  in  the  last  chapter  as  being 
necessary  bases  for  tests  of  organic  brain  damage.  It  is  an 
ideomotor  test  consisting  of  two  parts,  A  and  B.  Part  A  con¬ 
sists  of  25  circles  distributed  over  a  white  sheet  of  paper  and 
numbered  1-25.  The  subject  is  required  to  connect  the  circles 
with  a  pencil  line  as  quickly  as  possible,  beginning  with  number 
one  and  proceeding  in  numerical  sequence.  Part  B  consists 
of  25  circles  numbered  1  -  13,  with  letters  A  to  L„ 
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The  subject  is  required  to  connect  the  circles,  alternating 
between  numbers  and  letters  as  he  proceeds  in  ascending 
sequence.  The  score  is  obtained  as  the  number  of  seconds 
needed  to  finish  each  part.  The  administration  of  each  part 
of  the  test  is  preceded  by  the  administration  of  a  small  prac¬ 
tice  test  containing  a  sample  of  the  test  proper  (cf.  Appendix 
B  for  sample  forms  and  instructions). 

The  Trail  Making  Test  originated  as  one  of  the  per¬ 
formance  subtests  of  the  Army  Individual  Test.  *  It  is  a 
relatively  unknown  instrument  which  has  been  adapted  in  the 
last  decade  by  several  investigators  who  have  utilized  it  in 
making  studies  concerning  its  use  as  a  measure  of  brain 
damage . 

The  ability  of  the  Trail  Making  Test  to  measure 
certain  functions  suggested  its  use  in  this  area.  The  basis 
of  its  usefulness  appeared  to  reside  in  its  tapping  such  func¬ 
tions  as  : 

1.  the  ability  to  integrate  previously  learned 
material  into  a  pattern  of  response  that 
involved  shifts  in  organization,  recall  and 
r  ecognition; 

2.  the  ability  to  maintain  a  double  relationship; 

3.  the  ability  to  plan  for esightfully.  ^ 

Armitage  was  the  first  to  use  it  for  this  purpose. 

He  was  able  to  show  to  a  highly  significant  degree,  differ ences 
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between  brain-damaged  individuals  and  a.  control  group  com¬ 
posed  of  normals  and  neurotics;  the  controls  making  fewer 
errors  and  showing  a  greater  ability  to  recognize  and  correct 
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them . 

Reitan^  7  applied  the  Trail  Making  Test  to  a  group  of 

brain -damaged  and  to  a  group  of  hospital  patients  with  various 

physical  diseases,  who  were  matched  for  race,  age,  sex  and 

education.  Highly  significant  inter  group  mean  differences 

were  found.  His  conclusion  was  that,  "This  short,  inexpensive 

and  easily  administered  test  may  be  a  fairly  valid  indicator  of 

certain  effects  of  brain  damage."  A  further  study  undertaken 

by  Reitan  using  a  larger  brain-damaged  population  furnished 

30 
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essentially  the  same  results 

These  findings  were  not  corroborated  by  Brown,  et  al 
who  administered  the  Trail  Making  Test  to  all  patients  admitted 
to  a  clinical  setting.  The  scores  obtained  did  not  show  discrim¬ 
inative  diagnostic  value  as  scored  by  the  time  taken  to  complete 
the  test,  there  being  little  difference  between  the  scores  of 

psychotics  and  organics. 

26 

Only  one  study  has  measured  the  performance  of 
children  on  the  Trail  Making  Test.  It  was  administered  to 
groups  of  normal  children,  cerebral  palsied  children  and 
children  who  were  psychiatric  patients,  all  matched  for  age 
and  intelligence.  Normals  were  found  to  have  less  variable 
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performance,  and  performed  significantly  better  than  the 
other  groups.  The  performance  of  the  psychiatric  group 
tended  toward  the  normals,  and  away  from  the  cerebral 
palsied  group. ^ 

It  is  probable  that  this  study  was  vitiated  by  the 
use  of  an  experimental  group  who  were  spastic,  the  pur¬ 
pose  of  the  Trail  Making  Test  not  being  to  measure  overt 
motor  impairment,  but  underlying  neural  processes. 

The  Trail  Making  Test  appears  to  be  well  suited  for 
the  testing  of  certain  of  the  hypotheses  advanced  by  Strauss 
in  his  discussion  of  thinking  disorders  in  brain-damaged 
children  (cf,  pp»  7  -11).  It  involves  the  organization  of 
stimuli  on  the  perceptual  level  in  a  constantly  changing 
figure-ground  situation.  It  also  taps  the  individual’s  ability 
to  maintain  a  serial  conceptual  set  and  (Test  B  only)  to  shift 
from  one  conceptual  set  to  another,  very  quickly. 

Hypothes  es 

The  nature  of  the  task  requirements  of  the  Trail 
Making  Test  suggests  that  the  brain-damaged  child  vill, 
in  his  performance  on  it,  behave  in  accordance  with  the 
following  hypotheses  : 

1.  That  he  will  experience  difficulty  in  organizing 

the  stimuli  provided  by  the  test,  into  a  percep¬ 
tual  and  conceptual  configuration.  This  difficulty 
will  be  reflected  in  the  longer  time  required  to 
complete  each  part  of  the  test,  as  compared  with 
the  time  required  by  a  matched  control  subject. 
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2. 


That  Part  B  of  the  Trail  Making  Teat  will  be 
superior  to  Part  A  in  differentiating  between 
brain-damaged  and  normal  children  because 
of  the  additional  requirement  therein,  that 
the  subject  must  constantly  shift  from  one 
conceptual  framework  (numbers)  to  another 
(letter  s) . 

3.  That  the  times  taken  to  complete  the  second 
halves  of  Part  A  and  Part  B  will  differentiate 
more  significantly  between  brain-damaged 
children  and  normal  matched  children  for  two 
reasons  : 

(a)  In  the  second  half  of  each  test  the  span  of 
attention  or  conceptual  set  will  have  been 
in  operation  over  a  longer  period  of  time, 
and  the  possibility  of  loss  of  set  because 

of  distraction  from  the  task,  will  increase. 

(b)  In  the  second  half  of  the  test,  the  pencil 
work  up  to  that  point  will  have  resulted 
in  creating  a  more  complex  and  (for  the 
brain-damaged  child)  confusing  figure- 
ground  relationship. 

4.  That  the  brain-damaged  child  will  make  more 
errors  in  the  Trail  Making  Test  than  the  normal 
child,  because  of  his  per s everative  mode  of  res¬ 
ponse  even  when  the  response  is  inadequate.  In 
Part  B  this  tendency  will  be  further  increased  by 
his  rigidity  which  will  result  in  an  inability  to 
shift  from  a  numerical  to  alphabetical  sequence 
consistently. 

Selection  of  the  Experimental  Group 

From  the  files  of  the  Provincial  Guidance  Clinic, 
Edmonton,  thirty  children  were  selected  for  the  experimental 
group,  all  of  whom  met  the  following  criteria  : 

1.  Age  :  six  to  sixteen 

2.  Intelligence  :  Average  or  above  average  (as 
measured  by  the  Binet  intelligence  scale  or 
the  Wechsler  Intelligence  Scale  for  Children. 
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3,  No  visual  impairment  or  Jack  of  gross  motor 
co-ordination . 

4.  A  positive  diagnosis  of  brain  damage  under 
the  following  classifications  : 

(a)  Generalized  brain  damage 

(b)  Aphasia 

(c)  Auditory  agnosia 

(d)  Chronic  brain  syndrome:  Post  encephaletic 

(e)  Epilepsy:  sub- clinical ,  petit  mal,  grand 
mal  and  ideopathic. 

The  diagnosis  of  brain  damage  was  made  according  to  four 


methods : 

1. 

Social  history  of  brain  trauma  or  brain  disease 

2. 

Psychological  tests 

3. 

Psychiatric  behaviour  appraisal  and 
neurological  examination 

4„ 

Electro-  encephalogram 

The  survey  of  the  literature  has  indicated  that  these 
methods,  taken  by  themselves,  are  not  conclusive  in  the 
diagnosing  of  brain  damage.  However,  it  was  assumed  that 
a  positive  finding  by  three  of  the  above  was  sufficient  to  war¬ 
rant  a  positive  diagnosis  of  brain  damage,  and  the  subjects 
were  selected  accordingly. 

The  average  age  of  the  experimental  group  was  9-90 
years;  the  average  level  of  intelligence  of  the  experimental 
group  was  an  HQ.  score  of  104. 
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Diagnostic  Classifications 
of  Experimental  Group 


Generalized  Brain  Damage  12 

Aphasia  2 

Auditory  Agnosia  1 

Chronic  Brain  Syndrome  (Post  Encephalitis)  1 
Epilepsy:  Grand  Mai,  Petit  Mai,  Sub- 

clinical  and  Idopathic  14 
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Table  I  -  Diagnostic  Classifications  of  Experimental  Group 

Selection  of  the  Control  Group 

In  an  effort  to  hold  educational,  socio-economic,  and 
cultural  factors  constant,  each  member  of  the  experimental 
group  was  matched  with  a  normal  child  in  the  same  classroom. 

A  child  was  classified  as  being  normal  on  the  strength  of  his 
teacher's  opinion  that  he  was  not  emotionally  disturbed,  and 
by  the  absence  of  a  Guidance  Clinic  record.  Each  member  of 
the  control  group  was  matched  for  age,  and  for  intelligence  with 
a  member  of  the  experimental  group  on  the  basis  of  a  similar 
score  on  the  group  intelligence  test  administered  by  the  schools 
which  they  both  attended.  Such  tests  as  the  Detroit  Beginners, 
Detroit  Advanced,  California  Mental  Maturity,  and  Otis  Self 
Administering,  intelligence  scales  were  used  in  the  various 
schools  from  which  the  subjects  came.  The  average  age  of 
the  control  group  was  9.98;  the  average  level  of  intelligence  of 
the  control  group  was  an  I„Q0  score  of  103.  Individual  statistics 
concerning  these  children  are  included  in  Appendix  B. 


Number  of 
Subj  ecta 
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Number  of  Fairs 


Age 

6 

to 

8 

7 

Age 
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to 

10 

1 1 

Age 

10 

to 

1Z 

5 

Age 

1Z 

to 

14 

5 

Age 

14 

to 

16 

Z 
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Table  II  -  Ages  of  Matched  Pairs  of  Subjects 

Administration  and  Scoring  of  Test 

The  Trail  Making  Test  was  administered  to  both 
brain-damaged  and  normal  children  in  random  order  accord¬ 
ing  to  the  procedure  outlined  in  the  Manual  prepared  by 
R,  M.  Reitan.’1'  The  test  was  administered  in  the  school 
setting,  usually  in  the  guidance  room  or  the  medical  room 
of  the  school  that  the  testee  was  attending.  The  experimental 
group  came  from  twenty-four  different  schools,  fifteen  public 
schools  and  nine  separate  schools. 

Two  stop  watches  were  used  to  record  times.  One 
stop  watch  recorded  the  time  taken  to  perform  one-half  of 
each  subtest,  while  the  other  recorded  the  time  taken  to  per¬ 
form  each  entire  subtest.  A  note  was  made  of  the  number  of 
errors  made  on  each  subtest.  An  error  was  defined  as  the 


*  This  Manual  is  available  only  in  mimeograph  form. 
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joining  of  one  symbol  to  another  symbol  which  was  not  in 
sequence.  In  the  event  that  the  subject  was  unable  to  com¬ 
plete  a  subtest,  he  was  arbitrarily  assigned  a  time  of  ten 
minutes  on  Part  B,  five  minutes  on  Part  A.  The  number 
of  errors  assigned  to  the  individual  in  this  case  was  ten. 
Statistical  Procedure 

Because  of  the  inability  to  meet  the  assumptions 
of  homogeniety  of  variance  and  normality  of  distribution 
which  underly  parametric  tests  for  significance,  a  non- 
parametric  test,  the  Wilcoxon  Matched-Pairs  Signed- 
Ranks  test  was  employed. 


*  The  formula  used  for  arriving  at  the  critical  ratio 
was  the  one  given  by  Seigle. 


Z  =  T-ut  =  T  -  N(N+1) 
d  T  4 

^  /N(N+1)  (2N+1) 

V  24 

Results  were  considered  significant  at  the  .01  level. 
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CHAPTER  IV 


RESULTS 

The  discussion  of  results  will  be  divided  into  four 
parts  *  The  first  part  will  evaluate  the  validity  of  the  first 
two  hypotheses,  that  the  brain-damaged  child  will  require 
more  time  to  complete  each  part  of  the  Trail  Making  Test 
than  a  normal  child,  and  that  Part  B  of  the  Trail  Making 
Test  will  be  superior  to  Part  A  in  differentiating  between 
brain-damaged  and  normal  children. 

The  second  part  will  deal  accordingly  with  hypoth¬ 
esis  number  three,  that  the  times  taken  to  complete  the 
second  half  of  each  test  will  differentiate  more  signific¬ 
antly  between  brain-damaged  and  normal  children  than 
the  times  taken  to  complete  the  whole  of  each  test. 

The  third  part  of  the  discussion  will  involve  an 
appraisal  of  hypothesis  number  four,  which  stated  that 
more  errors  will  be  made  by  the  brain-damaged  child 
than  the  normal  child,  on  the  Trail  Making  Test. 

Part  four  will  contain  a  brief  discussion  of  the 
qualitative  aspects  of  behaviour  in  the  brain-damaged 
child,  as  observed  during  his  performance  on  the  Trail 
Making  Test. 
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Part  I 


A 


B 


Mean  (Time  in  Seconds)  .  .  .  N  59.  B1  N  203.26 

BD  76.07  BD  302,  16 


Z 


1.97 


%  Correct  Classification 


63.34 


75.00 


*  Significant  at  the  ,025  level 
*  *  Significant  at  the  .001  level 


Table  III  -  Scores  Obtained  on  Part  A  and  Part  B 
of  the  Trail  Making  Test 


Examination  of  the  data  supplied  in  Table  III  tends  to 
support  the  first  hypothesis  in  part.  The  data  presented  in 
Table  I  was  obtained  by  comparing  the  differences  in  time 
taken  to  complete  Parts  A  and  B  of  the  test  by  normal  and 
brain-damaged  children.  The  brain-damaged  children  re¬ 
quired,  on  the  average,  approximately  sixteen  seconds  more 
to  complete  Part  A,  and  one  minute,  thirty-nine  seconds 
more  to  complete  Part  B.  The  difference  obtained  in  the 
Part  B  scores,  is  statistically  significant  at  the  .001  level. 
The  level  of  significance  obtained  on  Part  A  falls  short  of 
the  requirements  laid  down  as  indicating  satisfactory  proof 
of  the  hypothesis.  However,  a  strong  trend  towards  support¬ 
ing  the  first  hypothesis  is  indicated. 
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B-A(BD)  -  B-A(N) 

Mean  Difference 
(Time  in  Seconds)  Z 

BD 
N 

*  Significant  at  the  .001  level. 


269.7 


173.0 


3.21 


Table  IV  -  Comparisons  Between  Part  B-A(BD)  Scores 
and  Part  B -A  (N)  Scores 


Table  IV  lends  strong  evidence  in  support  of  the  second 
hypothesis,  that  Part  B  of  the  Trail  Making  Test  is  superior 
to  Part  A  in  differentiating  between  normal  children  and  brain¬ 
damaged  children.  The  results  in  Table  II  were  obtained  by 
calculating  the  differences  in  scores  between  Part  A  and  Part  B 
for  brain-damaged  children  and  for  normal  children.  There 
appears  to  be  a  significantly  greater  difference  between  scores 
on  Part  A  versus  scores  on  Part  B  for  the  brain-damaged 
children  than  for  the  normal  children. 

Part  II  A(First  Half)  B(First  Half) 


Mean  (Time  in  Seconds)  .  . 

o 

N 

29.  63 

N 

82.26 

BD 

41.03 

BD 

123.60 

Z  ........  o  .  . 

o 

2.81* 

2.91 

%  Correct  Classification 

66.66 

67.86 

*  Significant 

a  t 

the 

.0025  1 

e  v  e  1  . 

**  Significant 

a  t 

the 

.0018  1 

e  v  e  1  . 

Table  V  -  Scores  Obtained  on  the  First  Halves  of  Parts  A 
and  B  of  the  Trail  Making  Test 
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Mean(Time  in  Seconds). 


N  30.23 
BD  25.83 


N  117-8 
BD  167-43 
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1.002 


%  Correct  Classification  .  . 


50 


63.07 


*  Significant  at  the  .  16  level 

*  Significant  at  the  .03  level 


Table  VI  -  Scores  Obtained  on  the  Second  Halves  of  Parts  A 


and  B  of  the  Trail  Making  Test 


Reference  to  Tables  V  and  VI  reveals  evidence  which 


is  contraindicative  to  hypothesis  number  three.  Little  differ¬ 
ence  was  shown  to  exist  between  the  performances  of  the 
brain-damaged  and  normal  children  on  the  second  half  of 
Parts  A  and  B.  The  levels  of  significance  in  each  case  were 
lower  than  those  set  down  in  the  hypothesis.  Also  on  Part  A, 
the  percentage  of  correct  classifications  between  individual 
pairs  was  not  above  chance. 


On  the  other  hand,  the  first  half  of  each  subtest 


appears  to  differentiate  very  significantly  between  brain¬ 
damaged  and  normal  children.  It  appears  then,  that  the 
reverse  of  the  hypothesis  is  the  case. 
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Part  III 


A 


B 


Mean  (Errors)  . 

N 

.  33 

N 

2.  10 

BD 

.53 

BD 

3. 40 

Z . 

1.008  ' 

2.56 

%  of  subjects  who  made 

N 

23.33 

N 

63.3 

one  or  more  errors 

.  BD 

33.3 

BD 

80.00 

*  Significant  at  the  .19  level 
**  Significant  at  the  .006  level 


Table  VH  -  Errors  Made  on  Part  A  and  Part  B 
of  the  Trail  Making  Test 

Table  VII  indicates  that  the  number  of  performance 
errors  made  is  of  little  consequence  in  differentiating  between 
brain-damaged  and  normal  children  on  Part  A  of  the  Trail 
Making  Test.  Few  errors  were  made  by  either  group  and  the 
level  of  significance  was  low. 

However,  the  number  of  errors  made  by  the  brain¬ 
damaged  group  on  Part  B  was  significantly  greater  than  those 
made  by  the  normal  group  as  was  the  percentage  of  subjects 
in  the  brain-damaged  group  who  made  errors.  Characteristic 
perceptual  rigidity  was  noted  in  the  brain-damaged  children 
responsible  for  their  increase  in  errors  on  Part  B.  Upon 
being  faced  with  an  error  they  would  usually  become  confused 
and  unable  to  shift.  This  would  lead  to  a  repetition  of  the 
original  error  until  its  significance  was  grasped. 
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Part  IV  -  Qualitative  Aspects  of  the  Brain-Damaged 
_ Child* s  Behaviour  on  the  Trail  Making  Test 

Certain  behaviour  traits  were  noted  in  some  of  the 
brain-damaged  children  while  performing  the  test,  which 
were  not  seen  in  the  normal  children.  These  traits  were 
not  consistently  seen  in  the  brain-damaged  children  but  the 
observation  of  any  of  them  would  lend  further  corroboration 
to  a  positive  diagnosis  based  on  a  time  score  alone. 

One  of  the  most  noticeable  aspects  of  the  brain¬ 
damaged  child's  behaviour  was  seen  in  his  attitude  toward 
the  test.  On  many  occasions  the  test  was  approached  in  a 
carefree,  happy-go-lucky  way,  with  much  confidence,  and 
little  concern.  This  characterisitc  lack  of  inhibition  would 
appear  to  have  the  potential  of  aiding  the  child's  performance, 
especially  when  contrasted  with  the  tenseness  and  involvement 
that  some  of  the  normal  children  exhibited.  However,  the 
lack  of  anxiety  probably  resulted  in  carelessness  and  may 
account  in  part  for  the  increased  number  of  errors  made  by 
the  brain-damaged  children. 

Impulsivity  was  noted  in  some  of  the  brain-damaged 
children.  Evidence  for  this  was  observed  in  the  child's  be¬ 
ginning  the  test  as  soon  as  a  pencil  was  handed  to  him,  with¬ 
out  waiting  for  instructions  to  begin.  Another  indication  was 
the  child's  extending  a  line  from  the  last  symbol  joined  before 
he  had  located  the  next  symbol  to  be  joined. 
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Number  sequence  seemed  to  be  fairly  well  integ¬ 
rated  in  the  brain-damaged  children,  but  not  so  the  alpha¬ 
bet  sequence.  On  more  than  one  instance,  a  child  would 
proceed  from  one  letter  to  the  next  by  taking  a  verbalized 
"run"  at  it,  hence  reciting  the  alphabet  from  the  first, 
many  times . 

Perceptual  difficulties  were  noted  in  the  occasional 
reversal  or  inversion.  For  example,  the  subject  would 
join  21  to  11  instead  of  12;  G  to  L  instead  of  G  to  7. 

The  brain-damaged  child's  reaction  to  pressure 
was  perhaps  best  illustrated  in  the  verbalization  of  one 
eight  year  old,  who  said  "Don't  make  me  go  so  fast, 

'cause  that's  when  I  get  mixed  up." 
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CHAPTER  V 


DISCUSSION 

The  findings  of  this  study  agreed  only  in  part  with 
the  hypotheses  which  were  advanced.  An  explanation  for 
these  discrepancies  must  lie  in  either  a  weakness  in  the 
theory  advanced  by  Strauss  regarding  the  thinking  dis¬ 
orders  in  brain-damaged  children  or  in  the  inability  of 
the  Trail  Making  Test  to  tap  those  thinking  disorders 
postulated  by  Strauss. 

The  hypothesis  that  Part  A  of  the  Trail  Making 
Test  would  differentiate  between  brain-damaged  and  nor¬ 
mal  children  on  the  basis  of  the  time  taken  to  complete  it, 
was  not  supported  at  the  required  level  of  significance. 

The  main  reason  for  this  appears  to  be  that  Part  A  did 
not  sufficiently  challenge  the  basis  of  conceptual  difficulty 
which  Strauss  attributes  to  the  brain-damaged  child. 

The  requirement  in  Part  A  is  that  numbers  be 
joined  sequentially.  The  number  sequence  has  been  learned 
by  most  school-aged  children  by  constant  repetition,  to  the 
extent  that  the  ability  to  count  has  for  them,  become  routine. 

So  in  Part  A  the  brain-damaged  child  is  not  presented  with 
a  novel  task  which  demands  "the  ability  to  combine  and  re¬ 
combine  (a  large  number  of  concepts)  as  the  situation  demands." 
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On  the  other  hand.  Part  B  employs  two  conceptual 
sequences  which  must  be  maintained  simultaneously  and 
integrated,  one  within  the  other.  This  task  resembles 
closely  the  type  of  situation  in  which  Strauss  would  expect 
the  brain-damaged  child  to  encounter  difficulties.  It  is 
not  surprising  that  Part  B  differentiated  between  the 
brain-damaged  and  normal  child  at  the  required  level  of 
significance,  as  hypothesized. 

It  was  hypothesized  that  the  time  taken  to  complete 
the  second  halves  of  Part  A  and  B  of  the  Trail  Making  Test 
would  differentiate  more  significantly  between  the  brain¬ 
damaged  and  normal  child  because  the  conceptual  set  would 
be  held  over  a  longer  period  of  time  and  the  perceptual  ground 
would  be  more  complex.  This  hypothesis  was  not  substantiated. 

This  suggests  that  neither  the  length  of  time  that  the 
set  was  held,  nor  the  increased  complexity  of  the  perceptual 
ground  presented  a  significantly  greater  amount  of  difficulty 
for  the  brain-damaged  child  than  for  the  normal  child. 

However,  contrary  to  expectations,  the  time  taken 
to  complete  the  first  half  of  Part  A  differentiated  signific¬ 
antly  between  the  two  groups  in  contrast  to  the  ability  of  the 
whole  of  Part  A  to  do  so.  (The  second  half  of  Part  B  did  not 
serve  to  increase  the  significance  of  the  differentiation  of  the 
two  groups  on  the  basis  of  time.) 
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The  explanation  for  this  turn  of  events  would  seem 


to  reside  in  the  brain-damaged  child's  experiencing  com¬ 
paratively  more  difficulty  in  confronting  a  large  number  of 
concepts  which  must  be  sequentially  organized  in  a  setting 
which  involves  many  choices  or  possibilities. 

The  nature  of  this  difficulty  may  be  accounted  for  in 
the  brain-damaged  child's  spacial  perception,  i„e„,  his  in¬ 
ability  to  perceive  positionally  as  quickly  as  does  the  nor¬ 
mal  child.  On  this  basis,  he  would  experience  less  difficulty 
as  the  number  of  concepts  to  be  perceived  diminished  by 
elimination.  This  would  account  for  his  performance  on 
the  second  half  of  Part  A  not  being  significantly  different 
from  that  of  the  normal  child. 

Another  explanation  for  the  increased  difficulty 
experienced  by  the  brain-damaged  child  on  the  first  half 
of  Part  A  may  lie  in  the  child's  initial  confusion  at  being 
confronted  with  an  unfamiliar  situation.  As  he  became 
more  familiar  with  the  task  requirements,  his  confusion 
diminished.  The  fact  that  the  brain-damaged  child  did  not 
experience  significantly  more  difficulty  on  the  first  half  of 
Part  B  than  on  Part  B  complete,  lends  further  strength  to 
this  interpretation. 
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Part  B  differentiated  significantly  between  the  two 
groups  on  the  basis  of  the  number  of  errors  made  as  hypo¬ 
thesized.  However,  Part  A  did  not  do  so.  The  explanation 
here  again  would  appear  to  be  that  Part  A  did  not  sufficiently 
challenge  the  brain-damaged  child  of  average  intelligence. 
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CHAPTER  VI 


RECOMMENDATIONS 

The  present  study  was  involved  with  studying 
certain  of  tire  behaviour  characteristics  of  the  brain¬ 
damaged  child  of  average  intelligence.  It  also  deter¬ 
mined  to  measure  the  efficiency  of  the  Trail  Making 
Test,  in  diagnosing  brain  damage  in  children  whose 
intelligence  was  relatively  unimpaired.  Part  A  of 
the  Trail  Making  Test  was  not  found  to  be  efficient  in 
discriminating  between  brain-damaged  children  of 
average  intelligence  and  comparable  normal  children, 
either  on  the  basis  of  number  of  errors  made  or  time 
taken  to  complete  it,  although  strong  trends  were  noted 
in  the  direction  of  the  latter.  Part  B  was  seen  to  show 
promise  in  each  of  these  respects. 

This  study  was  ,  at  best,  a  pilot  project.  The 
groups  of  subjects  were  small  in  number  and  hetero¬ 
genous  in  make-up.  However,  it  did  indicate  that  further 
use  of  Part  B,  employing  large  numbers  of  subjects,  may 
result  in  the  compilation  of  scoring  norms  which  might 
prove  valuable  in  differentiating  between  brain-damaged 
and  normal  children.  The  greater  divergence  of  scores 
between  brain-damaged  and  normal  children  on  Part  B 
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may  enable  a  cut-off  score  to  be  established  for  childi*en 
of  various  ages,  which  would  involve  fre  misclassifications  . 

In  the  case  of  the  exogenous  feeble-minded  child, 
any  increase  in  the  difficulty  of  the  Trail  Making  Test 
would  probably  measure  his  lack  of  intelligence  rather 
than  his  organic  involvement.  A  recent  study  by  Reitan, 
in  which  the  Wechsler -Bellevue  scores  and  the  Trail 
Making  Test  scores  of  brain-damaged  adults  were  com¬ 
pared,  revealed  a  significant  relationship  between  intel- 

29 

ligence  and  Trail  Making  Test  performance.  7 

The  present  study  has  shown  that  in  the  case  of 
brain-damaged  children  of  average  intelligence,  the  in¬ 
crease  in  difficulty  of  Part  B  over  Part  A  has  resulted  in 
increased  differential  significance.  The  discriminative 
power  might  be  further  increased  by  the  addition  of  a 
further  sequence  category,  such  as  Roman  numerals. 

Thus  the  perceptual  and  conceptual  complexity  of  the 
task  would  be  further  increased.  When  norms  have  been 
obtained  for  different  levels  of  intelligence,  children  of 
various  intelligence  levels  could  be  tested  for  brain  damage 
using  that  part  of  the  Trail  Making  Test  which  was  approp¬ 
riate  for  his  level  of  intelligence;  Part  A  for  those  below 
average  intelligence,  Part  B  and  the  above-mentioned 
addition  for  children  of  average  or  above  intelligence. 
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However,  before  such  an  undertaking  is  attempted, 
a  weakness  of  the  present  study  must  be  eliminated.  Before 
it  can  be  concluded  that  Part  B  of  the  Trail  Making  Test  is 
a  valid  test  for  brain  damage,  the  difference  in  performance 
between  brain-damaged  children  and  neurotic  and  psychotic 
children  must  be  investigated.  Functional  disturbances  as 
well  as  organic  disturbances  impair  mental  functioning. 
Neurotics  complain  of  poor  memory ,  inability  to  concentrate 
and  inability  to  make  decisions  ,  among  other  things.  Psycho- 
tics  show  a  variety  of  impaired  patterns,  faulty  judgment  and 
a  low  level  of  conceptual  thinking,  perhaps  being  the  most 
outstanding.  Lack  of  sufficient  number  of  subjects  with 
clear-cut  diagnoses  of  neurosis  or  psychosis  prevented  the 
study’s  being  carried  into  this  area. 

Certain  educational  prognostic  implications  emerge 
from  the  examination  of  the  behaviour  of  the  brain-damaged 
child  on  the  Trail  Making  Test.  His  trouble  here  was  prim¬ 
arily  in  his  reaction  to  a  large  number  of  stimuli.  Once  the 
number  of  stimuli  was  reduced,  his  performance  was  not 
significantly  different  from  that  of  the  normal  child.  This 
suggests  that  the  brain-damaged  child  could  function  quite 
adequately  in  the  school  setting  if  he  were  introduced  to  a 
limited  number  of  stimuli  at  a  time  and  given  time  to  integ¬ 
rate  or  consolidate  this  before  proceeding  further. 
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L’his  would,  of  course,  mean  a  slower  rate  of  advancement, 
but  would  ensure  a  lessening  of  frustration  and  the  emotion¬ 
al  reactions  which  accompany  it. 


43 


tl  3  0-  -  -  B  .tlX  ,  XJETO-O  <M 


'  -  =  ' . ’  ;  -v'..  :  .  :  -...v 


The  Adjutant  General's  Office,  The  Army  Individual  Test 
Manual.  Washington:  War  Department,  1944 


Armitage,  S.  G.  ,  "An  Analysis  of  Certain  Psychological 
Tests  Used  for  the  Evaluation  of  Brain  Injury," 
Psychol.  Monog.  ,  1946,  60:  No.  1 


Bakwin,  H .  ,  "Cerebral  Damage  and  Behavioral  Disorders 
in  Children,"  J.  Pediat.  ,  1949,  34;  371-381 


Bakwin,  H.  and  Bakwin,  R.  M.  ,  Clinical  Management  of 
Behavior  Disorders  in  Children.  Philadelphia: 

W.  B.  Saunders,  1953 


Battersby,  W.  S.  ,  "The  Regional  Gradient  of  C.  F.  F. 
After  Frontal  or  Occipital  Lobe  Injury,  " 

J.  Exper .  Psychol.,  1951,  42:  59-68 


Bender,  L.  ,  The  Psychopathology  of  Children  with  Organic 
Brain  Disorder s  .  Toronto:  Ryerson  press  ,  1956 


Bijou,  S.  W.  and  Werner,  H.  ,  "Language  Analysis  in  Brain 
Injured  and  Non-Brain  Injured  Children,"  J.  Genet. 
Psychol.,  1945,  66:  239-254 


Bradley,  C.  ,  "Organic  Factors  in  the  Psychopathology  of 
Childhood,"  in  Psychopathology  in  Childhood. 

J.  Zubin  and  P.  H.  Hoch.  (Eds.).  New  York: 
Grune  and  Stratton,  1955 


Bridge,  E.  M.  ,  Epilepsy  and  Convulsive  Disorders  in  Children, 
Toronto:  McGraw-Hill,  1949 


. 


‘  '  .  \  .  .  j0  '  '  .  xi.  h 

■  -  -  '  :  ,  '  x 


. 


.  .  »  5  © 

^  -  -■  -  -  ’  ■  .■ .  -  m  v  ■  ■  2 &  :.  t . 

■  •  .  t  .  j 


. 


-"  €  '  *  .  E  [jS 


<  i  - 


: 


,  . 


i 


S|££  Lsoxai  ,  .  .  ;  . 

-  •  -  blirlD  .  .  i 

:  H 


. 


•  5 . 

V  V  J  IsnqiooO  to  I&t£XO‘x'% 


efiA 


be-',  .  :  . 


■  rf  c  .  . 


■  -  . 
<  -  '  ;  ,  . 


,  ; 


Eieylsx  :  ; 

•  , .  ■■ 


\  O’  j.  :  t  ’ 

•  .  ,  ,  , 

t  .  ..j  •  i . 

V*  .  , .  .1  -  ,f  :  :i  l  • 


"The  Trail 


Brown,  E.  C.  ,  Casey,  A.,  Fisch,  R.  I., 

Making  Test  as  a  Screening  Device  for  the 
Detection  of  Brain  Damage,"  J.  Consult. 
Psychol.,  1958,  22:  469-474 


Davids,  A.  ,  Goldenburg,  L.  ,  "The  Relation  of  the 
Archimedes  Spiral  Aftereffect  and  the  Trail 
Making  Test  to  Brain  Damage  in  Children," 

J.  Consult.  Psychol.  ,  1957,  21:  429-433 

Garrison,  K.  C.  and  Dewey,  G.  F.  ,  The  Psychology  of 
Exceptional  Children.  Third  Edition.  New  York: 
Ronald  Press,  1950 


Guertin,  W.  H.  and  Rabin,  A.  I„  ,  "Research  with  the 

Wechsler -B ellevue  Intelligence  Scale,  1950-1955," 
Psychol.  Bull.,  1956,  53:  235-257 


Guertin,  W.  H.  ,  Rabin,  A.  I.,  Clayton,  E.  L,,  "Research 
with  the  Wechsler  Intelligence  Scale  for  Adults, 
1955-1960,"  Psychol.  Bull.,  1962,  59:1-26 


Goldstein,  K.  ,  Brain  Injury  in  War.  New  York:  Grune 
and  Stratton,  1958 


Graham,  F.  M.  and  Kendall,  B  .  S„,  "Performance  of 
Brain  Damage  Cases  on  a  Memory-For-Designs 
Test,"  J.  Abnorm.  andSoc.  Psychol.  1946,  41:  303-314 


Grassi,  J.  R„  ,  The  Grassi  Block  Substitution  Test  for 
Organic  Brain  Pathology.  Springfield,  Ill.  : 
Charles  C.  Thomas,  1953 


Halstead,  W.  C.,  Brain  and  Intelligence .  Chicago: 
University  Press ,  1947 


Hokley,  Z.  P.  and  Frazeur,  H.  A.,  "Significance  of 
Psychological  Test  Results  of  Exogenous  and 
Endogenous  Children,"  Am.  J.  Ment.  Def.  , 
1945,  50:  239-254 


•:  c£  -  -  .  ac  i  >  8, .  :  .  - 

•  ■  -  -  -  -  ■ :  io  j  +0£ 

~  ’  '  :  •  : 

•  '  -  •  j  ■  i  T  ;  :  ;  ...  ' S  •  '  . 

'  <.  r  ..  .  '  f  r'.r.  r '/  j  g  ■  rJy 

:  :  .  ..... 


.  . 

•  ......  ...... 

.  ,  (  8  SO  •;  'j.  :>  . . 


•  t  .  . 

"  ,  r  !  .  t  till  -  .  3 

■■  :  ,  c  «  ..  jx>  :  ...  o 


tol  t  :  '  O! 

'  :  t  ;  .  r  ,  .  .  .  ...  . 


:  .  ,  , 

.  ... 

:  '  t  .  ,  ...  _  .  ‘  .  . 


. 

•  •  .  .  . 

' 


«  j  -V 


:  ■  : 


.  ■.  or.;  ■ 


. 


«  •  €  . 

. 

...  . 

' 


20. 


Jasper,  H.  H.  ,  "Electroencephalography  in  Child 
Neurology  and  Psychiatry,"  Pediatrics. 
1949,  3:  783-800 


21.  Kanner ,  L.  ,  Child  Psychiatry.  Third  Edition.  Springfield, 

Ill.  :  Charles  C.  Thomas,  1957 


22.  Kendall,  B.  S.  and  Graham,  F.  M,  ,  "Further  Standardization 

of  the  Memor  y-F  or  -Designs  Test  on  Children  and  Adults," 
J.  Consult.  Psychol.,  1948,  12:349-354 

23.  Kl^ve,  H.  "Correlations  of  E .  E.  G.  and  Neuropsychological 

Studies  in  Organic  Brain  Damage,"  J.  Clinic, 

Neurophysiol.  ,  1959,  11:  844-892 


24.  Lewis,  R.  S.  ,  The  Other  Child.  New  York:  Grune  and  Stratton, 

1951 


25.  Michael-Smith,  H.,  "The  Identification  of  Pathological 

Function  Through  the  H.  T.  P.  Technique," 

J.  Clin.  Psychol.  ,  1953,  9:  293-295 


26.  Molish,  H.  B.,  "Contributions  of  Projective  Tests  and 

Psychological  Diagnoses  in  Organic  Brain  Damage," 
in  Reflexes  to  Intelligence.  Beck,  S.  J.  and 
Molish,  H.  B„  (Eds.).  Glencoe,  Ill.:  Free  Press 
Publishers,  1959 


27.  Pascal,  C.  R.  and  Suttell,  B.  S.  ,  The  Bender  Gestalt  Test. 

New  York:  Grune  and  Stratton,  1951 


28.  Rabin,  A.  I.  and  Guertin,  W.  H.,  "Research  with  the  Wechsler 

Bellevue  1945-1950."  Psychol.  Bull.,  1951,48:  211-248 


29c  Reitan,  R.  M.  ,  "Relation  of  the  Trail  Making  Test  to  Organic 

Brain  Damage,"  J.  Consult.  Psychol.  ,  1955  ,  19:  393-395 


46 


. 


:  --i-.."-  '•  xd:  vdaf-  ::J.r-rxr- 

>  '  ! 


'  -  -  ■  ,  •  .  < 

■  A"  -vv-'V., 


•  .  -  - 

<  .-r  .  :  . 


,  •  •  '  .  « .  . 

-  -  '  -  •  ■  '  .  •  . : 

-  ’  <  ,  •  - 

. 

<  ~  •  •  •  _*  -  <  ■  . 

•  -  :■  t  «  .  . •  - 


i-oo:  3  c  .  ::  ,  h  .  :  s  n;  e ... ' 


-  - :  x.  •.  ..  ;  '  .  3  .  ' 


?  .  ........  ... 


•  .  • '  •  .  ' 
-  .  -  :  ,  £  ,  . 


i  .  .  e  ... 

■ :  i .  sti  to  .  -  .  .  . . .  ■ 

-  ,  --  'A.  ri  .•!  .  ■■  '  .  • '.V 

:  •  t  -  ■  ;  .  .  , 

t  ... 


-  j  .  li  'jnsi 


"  r  > 


. 


■  :  c 


.  .A 


s  -  lia  . '  .  , 

\  <3  .  '  ~ 


:  <  • 
t  t  •  •  O.i  < . 


c 


Reitan,  R.  M.  ,  "Validity  of  the  Trail  Making  Test  as  an 

Indicator  of  Organic  Brain  Damage,"  Percept.  Mot. 
Skills,  1058,  S  :  271-276 


Reitan,  R.  M.  ,  "Correlations  Between  the  Trail  Making  Test 
and  the  Wechsler  Bellevue  Scale,"  Percept.  Mot. 
Skills,  1959,  9:  127-130 


Ross,  D.  ,  "The  Contribution  of  the  Rorschach  Method  to 

Clinical  Diagnosis , "  J.  Ment.  Sci.  ,  1941,  87:  341-348 


Sarason,  S.  B.  ,  Psychological  Problems  in  Mental  Deficiency. 
New  York:  Harper,  1949 


Seigal,  S.  ,  Non-Parametric  Statistics  for  the  Behavioral 
Sciences  „  Tor  onto :  McGraw-Hill , 1956 


Seymore,  G.  ,  Klebanoff,  J.  L.  ,  Singer,  A.  W„  ,  "Psychological 
Consequences  of  Brain  Injuries  and  Ablations," 

Psychol.  Bull.,  1954,  51:  1-41 

Strauss,  A.  A.,  and  Lehtinen,  L.  E.,  Psychopathology  and 

Education  of  the  Brain-Injured  Child.  Vol.  I  New  York; 
Grune  and  Stratton,  1947 


Strauss,  A.  A.  and  Kephart,  N.  C.,  Psychopathology  and 
Education  of  the  Brain-Injured  Child.  Vol.  II. 

New  York:  Grune  and  Stratton,  1955 


Teuber,  H,  L.  and  Bender,  M.  B.,  "Alterations  in  Pattern 

Vision  Following  Trauma  of  the  Occipital  Lobes  in  Man," 
J.  Genet.  Psychol.,  1949,  40:  35-37 

Werner,  H.  and  Chandler,  B.  D.  ,  "A  Deficiency  in  Perception 
of  Apparent  Motion  in  Children  with  Brain  Injury," 

Am.  J.  Psychol.,  1942,  55:  58-67 


t  ' 

-.  .  '  -  ■  :  cl 

'  •  .  5  t  - .  ,  .  it  i 

*  > 

... 

,iqeO’  .  .  -  \  .  ©  '  -  :  • 

-  -  :  li: 


s 

:  :  - 

'  •  'Id  aojtfeilsJg  oxi^srajBx  '.  ..  SJ  .  '  ■ 

5  ■  ~  :  .  .  .  .  .  .. 


«  .  •  •.  - aU  :  . , :  .  ; . 

,  rsal-  .  ;j  i  .  \r."  mr.  "  •  .so..;-.;;  .  .... 


.  ... 

•-  •  L 


,  .  .  .  t  •  , 
.  ©j  -.  :  Y 


. 

:  t  ,  , .  ,9. 

'  <  .  . 

,Y  fr  -it  ftlnrfJ  tilth*  r.  .f.Lt~  :>  xti  xT  >xi  '  .  txv  v  _  •:*  lo 

.  . 


. 


.  ■ 


■ 


40. 


Yates,  A.  J.  ,  "The  validity  of  Some  Psychological  Tests 
of  Organic  Brain  Damage,"  Psychol.  Bull.  ,  1957, 
51:  359-377 


41.  Yates,  A.  J.,  "Abnormalities  of  Psychomotor  Functions," 

in  Handbook  of  Abnormal  Psychology.  H.J.  Eysenck 
(Ed.).  New  York  :  Basic  Books,  1961 


48 


T  «  .1  .  ,  . 

;  t  -IJ4  *  -rf  ;  L  .  - 

V.‘'-V':V.  :  j. 

....  . 

ra©e  ..  .  •  ■  -  .  ; 

: 


APPENDIX 


A 


INDIVIDUAL  CHARACTERISTICS  OF  THE 


CONTROL  AND  EXPERIMENTAL  GROUPS 


MATCHED  PAIRS 


Control  Group 


la  Sex:  Male 
Age:  7-6 

I.  Qa  :  Detroit  Advanced,  1Z4 
Normal 

2.  Sex:  Male 
Age:  13  -  14 
I.Q0:  Laycock,  118 
Normal 


3.  Sex;  Male 
Age:  8-5 

I,  Q.  :  Detroit  Begin  ner  s  ,  89 
Normal 


4.  Sex;  Female 
Age;  8-10 

IoQ.:  Calif.  Ment.  Mat.,  104 
Normal 

5.  Sex:  Female 

Age:  7-8 

I.  Q.  :  Detroit  B  eginner  s  ,  99 
Normal 

6.  Sex;  Female 

Age:  9-3 

I.Q.  :  Calif.  Ment.  Mat.,  89 
Normal 

7.  Sex:  Male 

Age:  11-4 

I.Q.:  Detroit  Beginner  s  ,  108 
Normal 

8.  Sex:  Male 

Age:  11-2 

I.Q.  :  Detroit  Beginners,  108 
Normal 


Exper imental  Group 


Sex:  Male 
Age:  7-7 

I.Q.:  Detroit  Advanced,  125 
Generalized  Brain  Damage 

Sex:  Male 
Age:  13-6 

I.Q.:  Detroit  Advanced,  125 
Epilepsy,  Secondary  to 
Brain  Damage 

Sex:  Male 
Age:  8-5 

I.  Q.  :  Detroit  B eginner  s  ,  94 
Brain  Damage,  Sub-Clinical 
Epilepsy 

Sex:  Female 
Age:  8-0 

I.Q.:  Detroit  B  eginner  s  ,  111 
Ideopathic  Epilepsy 

Sex:  Female 
Age:  7-8 

I.  Q. :  Detroit  Advanced,  102 
Auditory  Agnosia 

Sex:  Female 
Age:  9-3 

I.Q.  :  Detroit  Beginner s  ,  90 
Sub- Clinical  Epilepsy 

Sex:  Male 

Age:  10  -  11 

I.Q. :  W.  I.  S.  C.  ,  109 

Aphasia 

Sex:  Male 
Age:  11-10 

I.Q.:  Detroit  Advanced,  105 
Sub-Clinical  Epilepsy 
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Control  Group 

Experimental  Group 

9.  Sex:  Male 

Age:  8-5 

I.Q.:  Calif.  Ment.  Mat.,  104 
Normal 

Sex:  Male 

Age:  8-2 

I.Q.  :  W.  I.  S.  C.  ,  105 
Sub-Clinical  Epilepsy 

10.  Sex:  Male 

Age:  8-5 

I.Q.  :  Calif.  Ment.  Mat.,  98 
Normal 

Sex:  Male 

Age:  8-3 

I.  Q. :  Calif.  Ment.  Mat.,  94 
Sub-Clinical  Epilepsy 

11.  Sex:  Male 

Age:  8-0 

I.Q.  :  Detroit  Advanced,  118 
Normal 

Sex:  Male 

Age:  8-3 

I.Q.:  Detroit  Advanced,  117 
Epilepsy 

12.  Sex:  Male 

Age:  8-2 

I.  Q.  :  Detroit  Beginners  ,  125 
Normal 

Sex:  Male 

Age:  7-9 

I.Q.:  Detroit  Beginner  s  ,  120 
Generalized  Brain  Damage 

13.  Sex:  Female 

Age:  13-0 

I.Q.:  Laycock,  104 

Normal 

Sex:  Female 

Age:  13-2 

I.Q.:  Laycock,  102 
Sub-Clinical  Epilepsy 

14.  Sex:  Male 

Age:  13-4 

I.Q.  :  Laycock,  93 

Normal 

Sex:  Male 

Age:  13-0 

I.Q.:  Laycock,  94 

Epilepsy 

15.  Sex:  Female 

Age:  6-9 

I.Q.:  Detroit  Beginners,  128 
Normal 

Sex:  Female 

Age:  6-2 

I.  Q.  :  Detroit  B eginner  s  ,  121 
Chronic  Brain  Syndrome, 

Post  Encephalitis 

16.  Sex:  Male 

Age:  12  -  11 

I.  Q.  :  Laycock,  104 

Normal 

Sex:  Male 

Age:  14-1 

I.  Q.  :  Laycock,  104 

Grand  and  Petit  Mai  Epilepsy 
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17. 


Control  Group 


Sex:  Male 
Age:  11-5 
I.Q.  :  Laycock,  95 
Normal 

18.  Sex:  Male 
Age:  10-5 

I.  Q.  :  Laycock,  109 
Normal 

19.  Sex:  Female 
Age:  14-9 

I.Q.:  Laycock,  112 
Normal 

20.  Sex:  Male 
Age:  10-6 

I.Q.  :  Detroit  B  eginner  s  ,  88 
Normal 

21.  Sex:  Male 
Age:  9-1 

I.  Q.  :  Detroit  B  eginner  s  ,  90 
Normal 

22.  Sex:  Male 
Age;  9-3 

I.Q.:  Calif.  Ment.  Mat.,  93 
Normal 

23.  Sex;  Male 
Age:  13-4 

I.Q.:  Detroit  Beginner  s  ,  92 
Normal 

24.  Sex:  Male 
Age:  6-4 

I.Q.:  Detroit  B  eginner  s  ,  90 
Normal 

25.  Sex:  Male 
Age:  7-1 

I.  Q.  :  Detroit  Beginner  s  ,  91 
Normal 


Experimental  Group 


Sex:  Male 

Age:  11-0 

I.Q.  :  W.  I.  S.  C.  ,  89 

Generalised  Brain  Damage 

Sex:  Male 

Age:  10-6 

I.  Q.  :  Laycock,  109 

Generalized  Brain  Damage 

Sex:  Female 
Age:  14  -  10 
I.  Q.  :  Laycock,  110 
Sub-Clinical  Epilepsy 

Sex:  Male 

Age:  10-8 

I.Q.  :  W.  I.  S.  C.  ,  84 

Generalized  Brain  Damage 

Sex:  Male 
Age:  9-1 
I.  Q.  :  Binet,  88 
Generalized  Brain  Damage 

Sex:  Male 

Age:  8-11 

I.Q.  :  W.  I.  S.  C.  ,  87 

Aphasia 

Sex:  Male 
Age:  14-8 

I.Q.:  Detroit  Beginners,  91 
Sub-Clinical  Epilepsy 

Sex;  Male 
Age:  6-8 

I.  Q.  :  Detroit  Beginner  s  ,  90 
Epilepsy 

Sex:  Male 
Age:  6-9 
I.  Q.  :  Binet,  98 
Generalized  Brain  Damage 
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Cont rol  C Jroup 


26.  Sex:  Female 
Age:  7-8 

I.Q.:  Detroit  Beginner  s  ,  95 
Normal 

27o  Sex:  Male 
Age:  9-4 

IoQ.:  Otis  Quick  Scoring,  90 
Normal 

28  o  Sex:  Male 
Age:  8-2 

IoQ.:  Otis  Quick  Scoring,  124 
Normal 

29.  Sex:  Male 
Age:  7-2 

I.Qo  :  Otis  Quick  Scoring,  96 
Normal 


Expe rimental  Group 


Sex:  Female 
Age:  8-6 

I.Q.:  Detroit  Beginners,  103 
Generalized  Brain  Damage 

Sex:  Male 
Age:  9-7 

I.  Q0 :  Detroit  Beginner  s  ,  89 
Generalized  Brain  Damage 

Sex:  Male 
Age:  8-7 

I.Q.:  Otis  Quick  Scoring,  123 
Mild  Brain  Damage 

Sex:  Male 
Age:  7-1 
Io  Qo :  Binet,  89 
Minor  Brain  Damage 

Sex:  Male 
Age:  1 6  —  3 

I.Q,  :  Terraan  MacNermar,  128 
Epilepsy 


30  o  Sex:  Male 
Age:  16  -  4 

Io  Q.  :  Terman  MacNermar  ,  124 
Normal 
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APPENDIX 


B 


INDIVIDUAL  SCORES  OBTAINED 
BY  MATCHED  PAIRS  ON 


THE  TRAIL  MAKING  TEST 


Test  A  -  First  Half 


Pair 

Time  in 

Seconds 

Brain 

Damaged 

Time  in 

Seconds 

Normals 

Differ  ence 
in 

Secon  ds 

Rank 

of 

Differ  ence 

Rank 

With  Less 
F  r equent 
Sign 

1 

103 

27 

76 

30  .  0 

2 

18 

19 

-  1 

-  2 . 0 

-  2.0 

3 

43 

23 

20 

21.0 

4 

85 

29 

56 

29.0 

5 

45 

59 

-  14 

-  15.0 

-  15.0 

6 

80 

48 

32 

23.0 

7 

11 

29 

-  18 

-  19.5 

-  19.5 

8 

24 

15 

9 

13.5 

9 

18 

34 

-  16 

-  16.  5 

-  16.5 

10 

27 

25 

2 

4.5 

11 

18 

19 

1 

-  2.0 

-  2.0 

12 

30 

24 

6 

10.0 

13 

9 

14 

5 

-  8.0 

14 

17 

22 

5 

-  8.0 

15 

78 

94 

-  16 

-  16.5 

-  16.5 

16 

14 

13 

1 

2.0 

17 

60 

19 

41 

25.5 

18 

21 

13 

8 

12.0 

19 

10 

19 

9 

-  13.5 

-  13.5 

20 

19 

22 

3 

-  6.0 

-  6.0 

21 

77 

34 

43 

27.0 

22 

41 

34 

7 

11.0 

23 

31 

14 

17 

18.0 

24 

98 

43 

55 

28.0 

25 

42 

73 

31 

22.0 

26 

41 

23 

18 

19.5 

27 

32 

34 

2 

-  4.5 

-  4. 5 

28 

59 

18 

41 

25.5 

29 

71 

35 

36 

24.0 

30 

9 

14 

5 

.8 

-  8.0 

1, 231 

885 

95.5 

Z  =  95.5  -  (30)  (31) 


/30)  (31)  (61)  48 . 68 

V  24 

Z  ~<c  =  .  0025 
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Test  A  -  Second  Half 


Time  in 

Rank 

Seconds 

Time  in 

Differ  ence 

Rank 

With  Less 

Drain 

Seconds 

in 

of 

F r equent 

Pair 

Damaged 

Normals 

Seconds  Difference 

Sign 

1 

61 

31 

30 

25.0 

2 

12 

21 

-  9 

12.0 

-  12.0 

3 

54 

25 

29 

24.0 

4 

82 

31 

51 

26.0 

5 

27 

52 

-  25 

21.5 

-  21.5 

6 

55 

36 

19 

18.0 

7 

13 

28 

-  15 

17.0 

-  17.0 

8 

14 

17 

-  3 

3.0 

-  3.0 

9 

30 

18 

12 

16.0 

*  10 

27 

27 

0 

11 

26 

15 

11 

14.5 

12 

29 

25 

4 

6.0 

13 

12 

18 

-  6 

8.5 

-  8.5 

14 

15 

21 

6 

8.5 

-  8.5 

15 

67 

134 

-  67 

27.0 

-  27.0 

16 

14 

17 

-  3 

3.0 

-  3.0 

17 

29 

18 

11 

14.  5 

18 

43 

18 

25 

21.5 

19 

12 

15 

-  3 

3.0 

-  3.0 

20 

26 

49 

-  23 

20.0 

-  20.0 

21 

48 

27 

21 

19.0 

22 

38 

41 

-  3 

3.0 

-  3.0 

23 

125 

21 

104 

28.0 

24 

32 

42 

-  10 

13.0 

25 

41 

47 

-  6 

8.5 

-  8.5 

*  26 

27 

27 

0 

27 

33 

30 

3 

3.0 

28 

25 

19 

6 

8.5 

29 

51 

23 

28 

23.0 

30 

7 

14 

-  7 

11 

-  11.0 

1,075 

907 

159.0 

159  -  (28) 

’  (29) 

4  -  44 


/  (28)  (29)  (57)  ~  43.91 

"V  24 

Z  =  .  1587 

In  the  event  of  tied  scores  occurring  between  individuals  in 
pairs,  the  pair  is  dropped  from  the  sample,  in  calculating  Z 
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Test  A  -  Total 


Pair 

Time  in 

Seconds 

Brain 

Damaged 

Time  in 

Seconds 

Normals 

Differ  ence 
in 

Seconds 

Rank 

of 

Differ  ence 

Rank 

W ith  Less 
F  r  equent 
Sign 

1 

103 

58 

45 

20.5 

2 

30 

39 

-  9 

-  7.0 

-  7.0 

3 

137 

48 

89 

28.0 

4 

167 

61 

106 

29.0 

5 

72 

111 

39 

19.0 

6 

135 

84 

51 

23.0 

7 

24 

57 

-  33 

-  16.5 

-  16.5 

8 

38 

32 

6 

5 . 5 

9 

48 

52 

-  4 

-  4.0 

-  4. 0 

10 

54 

52 

2 

2.0 

11 

44 

34 

10 

8.5 

12 

59 

49 

10 

8.5 

13 

21 

32 

-  11 

-  10.0 

-  10.0 

14 

30 

43 

-  13 

-  13.0 

-  13.0 

15 

145 

228 

-  83 

-  27.0 

-  27.0 

16 

27 

30 

-  3 

-  3.0 

-  3.0 

17 

89 

37 

52 

24.0 

18 

64 

31 

33 

16.5 

19 

22 

34 

-  12 

-  11.5 

-  11.5 

20 

45 

71 

-  26 

-  15.0 

-  15.0 

21 

125 

61 

64 

25.5 

22 

79 

73 

6 

5.5 

23 

156 

35 

121 

30.0 

24 

130 

85 

45 

20.5 

25 

83 

120 

-  37 

-  18.0 

-  18.0 

26 

68 

50 

18 

14.0 

27 

65 

64 

1 

1.0 

28 

84 

37 

47 

22.0 

29 

122 

58 

64 

25.5 

30 

16 

28 

-  12 

-  11.5 

-  11.5 

2  j  282 

1,794 

136.5 

Z  =  136.5  -  (30)  (31) 

4 

(30)  (31)  (61) 

24 

Z  =  .  0244 


-96.0 

48.68 


1.97 
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Part  A  -  Errors 


Pair 


Error  s 
Normals 


Rank 

Errors  with  Less 

Brain  Rank  of  Frequent 

Damaged  Difference  Difference  Sign 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

Totals 


2 


1 


2 

1 

1 

1 

1 


1 


10 


2 

2 

2 


1 


1 

2 

2 

1 


1 

2 


16 


2 


2 


-  1 


-  2 


2 

2 


1 

1 


14-9  (10) 


9  (10)  (18  +  19) 


24 


8.5 

8.43 


1.008 


8 


-3  3 


-8  8 

3 

-3  3 


8 

8 


3 

3 


14 


Z  =  .1836 


56 
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Test  D  -  First  Half 


Totals 


Z 


Time  in 

Rank 

Seconds 

Time  in 

Differ  ence 

Rank 

With  Less 

Brain 

Seconds 

in 

of 

Fr  equent 

Pa  i  r 

Damaged 

Normals 

Seconds 

Differ  ence 

Sign 

1 

300 

103 

197 

25.0 

2 

26 

53 

-  27 

-  15.0 

-  15.0 

3 

201 

109 

92 

22.0 

4 

175 

85 

90 

21.0 

5 

135 

105 

30 

16.0 

6 

94 

84 

10 

8.5 

7 

78 

69 

9 

7.5 

8 

68 

85 

-  17 

-  13.0 

-  13.0 

9 

73 

59 

14 

11.0 

10 

94 

70 

24 

14.0 

11 

72 

56 

16 

12.0 

12 

62 

96 

-  34 

-  17.0 

-  17.0 

*  13 

31 

31 

14 

54 

57 

-  3 

-  3.0 

-  3.0 

*  15 

300 

300 

16 

39 

51 

-  12 

-  10.0 

-  10.0 

17 

251 

43 

208 

26.0 

18 

73 

23 

50 

20.0 

19 

34 

32 

2 

1.0 

20 

58 

61 

-  3 

-  3.0 

-  3.0 

21 

282 

87 

195 

24.0 

22 

300 

83 

217 

27.0 

23 

78 

36 

42 

18.0 

24 

300 

165 

135 

23.0 

25 

212 

216 

-  4 

-  5.0 

-  5.0 

26 

59 

67 

-  8 

-  6.0 

-  6.0 

27 

300 

58 

242 

28.0 

28 

77 

34 

43 

19=  0 

29 

153 

156 

-  3 

-  3.0 

-  3.0 

30 

29 

19 

10 

8.5 

3,708 

2,468 

75.0 

75  - 

(28)  (29) 

4 

-128 

=  2.916 

.  /  (28)  (29)  (57) 

\/  24 

43.89 

Z 


.0018 


*  In  the  event  of  tied  scores  occurring  between  individuals  in 
pairs,  the  pair  is  dropped  from  the  sample,  in  calculating  Z 


57 


,8.  - 


j  .  .. 

.rri:  ©mxT 

.  ItQ 

ni  8' . 

cBnoosc 

' 

o.r  0£  8 

xxijti  •:  O' 

si  iS 

.  ;  n.e  . ;  88. 

bn  os 

58 

5  8  :  a 

iOo 

.58 

£  I 

00£ 

:■ , ei  - 

.  :  - 

£5 

as 

. 

I0S 

c 

.  V 

58 

avi 

A 

0,  JI 

o: 

501 

5£  I 

5.3 

88 

5 .  V 

8V 

j.ei  - 

.  J.  - 

VI  - 

5'- 

8a 

0  .  .1 

£1 

?5 

£  V 

-K 

. 

.  ; 

ai 

O  c 

ST 

II 

.VI  - 

. 

*£  - 

sa 

I  £ 

£  I  * 

i.£  - 

0 .  £  - 

'1 

r 

i-a 

hi 

00  £ 

l  :  •: 

.  - 

0.  I  - 

£ 5  - 

i 

:?£ 

cl 

0.55: 

- 

VI 

0  .  OS 

£S 

£V 

31 

,  i 

8£ 

n 

.£  - 

0  .  £  - 

o 

c  - 

' 

85: 

os 

.:8£ 

Vo 

IS 

VIS 

£8 

00  £ 

oS 

8V 

£S 

.  ;;; 

5£I 

C  0 1 

00£ 

.. 

.  v 

5 .  5  - 

£  - 

oIS 

SIS 

5S 

.  d  - 

'  .a  - 

va 

o .  s 

•5> 

00  £ 

. 

M 

VV 

.  £  - 

.  £  - 

c  51 

£51 

5 . 8 

?I 

0£ 

. ;  , 

'  \\  : 

:  * :  (  : 

■ 

a  (?,.£  = 

'  ■- 

•0 

(.'  }  (•:  :  : 

)\ 

J>8 

' 

. 

I  -r'x  Cj o  o  sli  :  >!•'• 

t  jqonJb  ax  :;xsq  9x11  «a*xij3q 


Test  B  -  Second  Half 


Pair 

Time  in 

Seconds 

Brain 

Damaged 

Time  in 

Seconds 

Normals 

1 

300 

109 

2 

25 

33 

3 

300 

122 

4 

142 

168 

5 

176 

175 

6 

148 

141 

7 

153 

125 

8 

245 

50 

9 

179 

41 

10 

300 

161 

11 

68 

104 

12 

52 

119 

13 

35 

44 

14 

51 

73 

15 

300 

300 

16 

c39 

22 

17 

169 

29 

18 

48 

86 

19 

33 

100 

20 

231 

52 

21 

207 

308 

22 

300 

105 

23 

185 

54 

24 

300 

209 

25 

286 

282 

26 

126 

110 

27 

300 

90 

28 

86 

161 

29 

208 

127 

30 

42 

23 

5,023 

3,523 

Z  =  129  -  (29)  (30) 

4  _  -89.5 

29)  (30)  (59)  "  46.24 

24 

Z  =  1.935.  =  .0265 


Differ  ence 
in 

Seconds 

Rank 

of 

Differ  ence 

Rank 

With  Less 
F  r  equent 
Sign 

191 

26.0 

8 

4.0 

78 

17.0 

-  26 

-  10.0 

-  10.0 

1 

1.0 

7 

3.0 

28 

28.0 

195 

27.5 

138 

22.0 

139 

23.0 

36 

-  12.0 

-  12.0 

-  67 

-  15.0 

-  15.0 

9 

-  5.0 

-  5.0 

-  22 

-  9.0 

-  9.0 

-  17 

-  7.5 

-  7.5 

140 

24.0 

-  38 

-  13.0 

-  13.0 

66 

-  14.0 

-  14.0 

179 

25.0 

-  101 

-  20.0 

-  20.0 

195 

27.5 

131 

21.0 

91 

19.0 

4 

2.0 

16 

6 . 0 

210 

29.0 

-  75 

-  16.0 

-  16.0 

81 

18.0 

17 

-  7.5 

-  7.5 

129.0 


1.935 


*  In  the  event  of  tied  scores  occurring  between  individuals  in  pairs, 
the  pair  is  dropped  from  the  sample,  in  calculating  a 
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rest  B  -  Total 


Totals 


Time  in 
Seconds 
Brain 


Time  in 
Seconds 


Differ  ence 
in 


Rank 

of 


Rank 
W ith  Less 
Frequent 


Z  G*C 


Pair  Damaged  Normals 

Seconds 

Differ  ence 

Sign 

1 

600 

212 

388 

27 

2 

51 

86 

-  35 

-  11 

-  11 

3 

518 

231 

287 

25 

4 

317 

253 

64 

14 

5 

311 

280 

31 

9 

6 

237 

225 

12 

3 

7 

231 

194 

37 

12 

8 

313 

135 

178 

24 

9 

252 

100 

152 

20 

10 

401 

231 

170 

21 

11 

150 

162 

-  12 

-  3 

-  3 

12 

114 

215 

-  101 

-  18 

-  18 

13 

66 

75 

9 

-  3 

-  3 

14 

105 

130 

-  25 

-  7 

-  7 

*  15 

600 

600 

16 

78 

73 

5 

2 

17 

420 

72 

348 

26 

18 

121 

109 

12 

3 

19 

67 

132 

65 

-  15 

-  15 

20 

289 

113 

176 

23 

21 

489 

395 

94 

17 

22 

600 

188 

412 

28 

23 

263 

90 

173 

22 

24 

600 

454 

146 

19 

*  25 

498 

498 

26 

179 

177 

2 

1 

27 

600 

148 

52 

13 

28 

163 

195 

-  32 

-  10 

-  10 

29 

361 

283 

78 

16 

30 

71 

42 

29 

8 

9, 

065 

6,098 

67 

67  -  (28)  (29) 

4 

-  136 

_  — 

■  3.097 

/( 2 8)  (29)  (57) 

43.91 

/  24 

=  .001 

the  event 

o  f 
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Part  B  -  Errors 


Errors 
Pair  Normals 


Errors  Rank 

Brain  of 

Damaged  Difference  Difference 


Totals 


Z  — 


1  3 

2  1 

3  2 

4 

5 

6  1 

7  1 

8  4 

9 

10  2 

11  2 

12  4 

13 

14  1 

15  10 

16  2 

17  5 

18  2 

19 

20 

21  6 

22  1 

23 

24  2 

25 

26  5 

27 

28 

29  5 

30  _ 

63 


a  0052 


10 

3 

1 

2 

4 
7 
3 
6 


1 

10 

1 

2 

4 

10 

10 

4 

10 

2 

3 

3 

3 

1 

102 


-95.5 
37.  16 


Z  =  67  -  (25)  (26) 

4 

/( 25)  (26)  (51) 
V  24 


2 

-  4 


4 

4 

9 

4 

8 

2 

-  2 

-  3 

2 

-  2 
1 


2.56 


23 

-  3 
3 
3 
9 

-  3 
14.5 
14.  5 

14.5 

19.5 

-  9 
19.5 


9 

-  19.5 


19.5 

19.5 

25 

19.5 

24 

9 

-  9 

-  14.5 

9 

-  9 


Rank 
With  Less 
Frequent 
Sign 

3 

3 

9 

19.5 


9 

14.5 

9 

67 
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Differ  one  os  in  Sub  Test  Time  Scores  Between: 


Totals 


Pair 

Part  B  -  Part  A  (Brain  Damages) 
and  Part  B  -  Part  A  (Normals) 

Rank 

With  Less 
Frequent 
Sign 

B-A(BD) 

B-A(N) 

(l)-(2) 

Rank 

of 

Differ  ence 

1 

531 

181 

350 

28 

2 

39 

65 

-  26 

-  9 

-  9 

3 

464 

206 

258 

27 

4 

235 

222 

13 

6 

5 

284 

228 

56 

14 

6 

182 

189 

7 

-  4 

-  4 

7 

218 

166 

52 

13 

8 

299 

118 

181 

24 

9 

222 

82 

140 

21 

10 

374 

204 

170 

23 

11 

124 

147 

-  23 

-  8 

-  8 

12 

85 

190 

-  105 

-  20 

-  20 

13 

54 

57 

3 

-  2 

-  2 

14 

90 

109 

-  19 

-  7 

-  7 

15 

533 

466 

67 

16 

16 

64 

56 

8 

5 

17 

391 

54 

237 

26 

18 

178 

91 

87 

19 

19 

55 

117 

-  62 

-  15 

-  15 

20 

273 

64 

209 

25 

21 

441 

368 

73 

18 

22 

562 

147 

415 

29 

23 

138 

69 

69 

17 

24 

568 

412 

156 

22 

25 

457 

451 

6 

3 

26 

152 

150 

2 

1 

27 

567 

118 

449 

30 

28 

138 

176 

-  38 

-  11 

-  11 

29 

310 

260 

50 

12 

30 

64 

28 

36 

10 

8,092 

5,  191 

76 

76  -  (30)  (31) 

4 

-156.25 

=  3.21 

A 30)  (31)  (61  +  1) 

48.61 

Z¥ 


Z  =  oOOl 
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APPENDIX  C 


PROCEDURE  FOR  ADMINISTERING 
AND  SAMPLE  FORMS  FOR 


THE  TRAIL  MAKING  TEST 


THE  TRAIL  MAKING  TEST 


PART  A 

Procedure  for  Administering 

When  ready  to  begin  the  test,  place  the  Part  A  test 
sheet,  sample  side  up,  flat  on  the  table  directly  in  front  of 
the  examinee,  and  with  the  bottom  of  the  test  sheet  approx¬ 
imately  six  inches  from  the  examinee's  edge  of  the  table. 
Give  the  examinee  a  pencil  and  say: 

Sample 

On  this  page  (point)  are  some  numbers.  Begin  at 
number  1  (point  to  1)  and  draw  a  line  from  1  to  2 ,  (point 
to  2),  2  to  3  (point  to  3) ,  3  to  4  (point  to  4),  and  so  on,  in 
order,  until  you  reach  the  end  (point  to  the  circle  marked 
"end").  Draw  the  lines  as  fast  as  you  can.  Ready!  Begin! 

If  the  examinee  completes  the  sample  item  correctly, 
and  in  a  manner  which  shows  that  he  knows  what  to  do,  say: 
Good!  Let's  try  the  next  one. 

Turn  the  page  and  give  Part  A,  test. 


If  the  examinee  makes  a  mistake  on  Sample  A,  point 
it  out  and  explain  it.  The  following  explan  ations  of  mistakes 
are  authorized  : 
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1.  You  started  with  the  wrong  circle.  This  is 
where  you  start  (point  to  No.  1). 

2.  You  skipped  this  circle  (point  to  the  one 
omitted^  You  should  go  from  Number  1 
(point)  to  2  (point),  2  to  3  (point)  and  so  on, 
until  you  reach  the  circle  marked  "end"  (point). 

3.  You  only  went  as  far  as  thi  s  circle  (point) . 

You  should  have  gone  to  the  circle  marked 
"end"  (point).  After  the  mistake  has  been 
explained,  say  : 

Mark  out  the  wrong  part  and  go  on  from  here 
(point  to  the  last  circle  completed  correctly  in  the  sequence). 


If  it  is  clear  that  the  examinee  intended  to  touch  a 
circle  but  missed  it,  do  not  count  it  as  an  omission.  Caution 
him  to  touch  the  circles,  however. 

If  the  examinee  still  can  not  complete  Sample  A,  take 
his  hand  and  guide  his  pencil  (eraser  end  down)  through  the 
trail.  Then  say  : 

Now  you  try  it.  Put  your  pencil,  point  down.  Remember, 
begin  at  number  1  (point)  and  draw  a  line  from  1  to  2  (point 
to  2) ,  2  to  3  (point  to  3) ,  3  to  4  (point  to  4),  and  so  on,  in 
order  until  you  reach  the  circle  marked  "end"  (point).  Do 
not  skip  around  but  go  from  one  number  to  the  next  in  the 
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proper  order.  If  you  make  a  mistake,  mark  it  out. 
Remember,  work  as  fast  as  you  can.  Ready!  Remember, 
work  as  fast  as  you  can.  Ready!  Begin! 

If  the  examinee  succeeds  this  time,  go  on  to  Part  A. 
If  not,  repeat  the  procedure  until  he  does  succeed,  or  it 
becomes  evident  that  he  can  not  do  it. 

Turn  the  page  over  to  Part  A,  and  say  : 

Part  A  Test 

On  this  page  are  numbers  from  1  to  25.  Do  this  the 
same  way.  Begin  at  number  1  (point)  and  draw  a  line  from 
1  to  2  (point  to  2) ,  2  to  3  (point  to  3) ,  3  to  4  (point  to  4) ,  and 
so  on,  in  order  until  you  can  reach  the  end  (point).  If  you 
make  a  mistake,  mark  it  out.  Remember,  work  as  fast  as 
you  can.  Ready!  Begin! 

Start  timing.  If  the  examinee  makes  an  error,  call 
it  to  his  attention  immediately  and  have  him  proceed  from 
the  point  the  mistake  occurred.  Do  not  stop  timing. 

If  the  examinee  completes  part  without  error,  re¬ 
move  the  test  sheet.  Record  the  time  in  seconds.  Errors 
count  only  in  the  increased  time  of  performance.  Then  say  : 

That’s  fine.  Now  we’ll  try  another  one. 

Proceed  immediately  to  Part  B,  Sample. 
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PART  B 


Procedure  for  Administering 

Place  the  test  sheet  for  Part  B,  sample  side  up, 
flat  on  tine  table  in  front  of  the  examinee,  in  the  same  position 
as  tine  sheet  for  Part  A  was  placed..  Point  with  the  right  hand 
to  tine  sample  and  say  ; 

Sample 

On  this  page  are  some  numbers  and  some  letters. 
Begin  at  Number  1  (point)  and  draw  a  line  from  1  to  A  (point), 
A  to  2  (point  to  2) ,  2  to  B  (point  to  B),  B  to  3  (point  to  3), 

3  to  C  (point  to  C) ,  and  so  on,  in  order,  until  you  reach  the 
end.  (Point  to  circle  marked  "end").  Remember,  first  you 
have  a  number  (point  to  1),  then  a  letter  (point  to  A),  then  a 
number  (point  to  2),  then  a  letter  (point  to  B,  and  so  on. 

Draw  the  lines  as  fast  as  you  can.  Ready!  Begin! 

If  the  examinee  completes  the  sample  item  correctly, 

say  : 

Good.  LePs  try  the  next  one. 

Proceed  immediately  to  Part  B, 

If  the  examinee  makes  a  mistake  on  Sample  B,  point 
it  out  and  explain  it.  The  following  explanations  of  mistakes 
are  authorized. 
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1.  You  started  with  the  wrong  circle.  This  is 
where  you  start  (point  to  Number  1). 

2.  You  skipped  this  circle  (point  to  the  one  omitted). 
You  should  go  from  1  (point)  to  A  (point),  A  to  2 
(point  to  2),  2  to  B  (point  to  B),  B  to  3  (point  to  3), 
and  so  on  until  you  reach  the  circle  marked  "end" 
(point) . 

3.  You  only  went  as  far  as  this  circle  (point).  You 
should  have  gone  to  the  circle  marked  "end" 

(point).  After  the  mistake  has  been  explained,  say 
Mark  out  the  wrong  part  and  go  on  from  here 

(point  to  the  last  circle  completed  correctly  in  the  sequence). 

If  it  is  clear  that  the  examinee  intended  to  touch  a 
circle  but  missed  it,  do  not  count  it  as  an  omission.  Caution 
him  to  touch  the  circles,  however. 

If  the  examinee  still  can  not  complete  Sample  B,  take 
his  hand  and  guide  the  pencil  (eraser  end  down)  through  the 
circles.  Then  say  : 

Now  you  try  it.  Remember,  you  begin  at  Number  1 
(point)  and  draw  a  line  from  1  to  A  (point  to  A)  A  to  2  (point 
to  2) ,  2  to  B  (point  to  B),  B  to  3  (point  to  3),  and  so  on  until 
you  reach  the  circle  marked  " end"  (point).  Ready!  Begin! 

If  the  examinee  succeeds  this  time,  go  on  to  Part  B. 

If  not,  repeat  the  procedure  until  he  does  succeed,  or  it 
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becomes  evident  that  he  can  not  do  it. 


Turn  the  page  over  to  Part  B,  and  say  : 

Part  B  Test 

On  this  page  are  both  numbers  and  letters.  Do  this 
the  same  way.  Begin  at  Number  1  (point)  and  draw  a  line 
from  1  to  A  (point  to  A),  A  to  2  (point  to  2) ,  2  to  B  (point 
to  B),  B  to  3  (point  to  3) ,  3  to  C  (point  to  C) ,  and  so  on,  in 
order,  until  you  reach  the  end  (point  to  circle  marked  "end"). 
Remember,  first  you  have  a  number  (point  to  1),  then  a  letter 
(point  to  A),  then  a  number  (point  to  2),  then  a  letter  (point 
to  B) ,  and  so  on.  Do  not  skip  around,  but  go  from  one  circle 
to  the  next  in  the  proper  order.  If  you  make  a  mistake,  mark 
it  out.  Draw  the  lines  as  fast  as  you  can.  Ready!  Begin! 

Start  timing.  If  the  examinee  makes  an  error,  call 
it  to  his  attention  immediately  and  have  him  proceed  from  the 
point  the  mistake  occurred.  Do  not  stop  timing. 

If  the  examinee  completes  Part  B  without  error, 
remove  the  test  sheet.  Record  the  time  in  seconds. 

Errors  count  only  in  the  increased  time  of  performance. 
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